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UCCESSFUL surgical removal of a phaeochromocytoma is still a rela- 

tively rare accomplishment. A review of the available world’s litera- 
ture at this date has yieided reports of 176 such tumors, but only 47 of 
these were proven to be endocrinologically active by cessation of symptoms 
following surgical removal. The inherent difficulties in dealing with patients 
suffering from phaeochromocytomata are many. They may be divided into 
three categories and briefly listed as follows: 

A. Diagnosis: Although the classical syndrome produced by such tumors 
is striking and clear cut (18), any individual case may lack one or more of 
the features which would ordinarily direct attention toward the correct 
diagnosis. Especially difficult are those patients in whom a permanent 
sustained hypertension is manifested and in whom the clinical diagnosis 
of essential hypertension may be made.! 


Received for publication March 14, 1947. 

1 S$ nithwick (7) found two such cases in the first 100 patients on who n he performed 
sympathetic ganglionectomy for hypertension. After removal of the adrenal medullary 
tumors which were disclosed by the operative exposure, both patients were cured of their 
hypertension. 
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B. Localization: When reasonable certainty of the presence of a phaeo- 
chromocytoma exists, localization of the offending tumor is often fraught 
with grave difficulties. Omitting tumors of the carotid body, which have 
not been known to produce hypertensive attacks; 89 per cent of all adult 
chromaffin tumors reported have been found in or adjacent to one or the 
other of the adrenal glands. Nevertheless, only when the tumor is of con- 
siderable size may it be positively identified in these areas by means other 
than surgical exploration.? Characteristic symptoms have occurred in 
patients subsequently proven to have chromaffin tumors of Zuckerkandl’s 
body, the retroperitoneal ganglia, the semilunar ganglia (36) and even the 
thoracic sympathetic ganglia (30). 

C. Treatment: Discovery of the site of the offending tumor still leaves 
the often complicated problem of its removal. Some tumors have been 
found so adherent to vital structures as to make removal impossible (6). 
In certain instances there have been wild fluctuations in blood pressure 
during the operation, and postoperative shook has often been extremely 
difficult to combat (2, 35). 

With these exigencies incident to diagnosis, localization and operation, 
there is little wonder that surgical removal of such a tumor and postopera- 
tive convalescence has brought great satisfaction to the attending physi- 
cians. The fact that the few malignant phaeochromocytomata have but 
rarely been associated with hypertension (8) has yielded a further sense of 
security once the operation has been accomplished. 

Recent experiences with two patients however, disclosed the fact that in 
certain instances more than one active tumor may be present. A woman 
and her niece had each previously been reported as cured by removal of a 
medullary adrenal tumor. Both had recurrences of symptoms, and each 
was found to have another tumor in the opposite adrenal. A description of 
the clinical course of these two patients, their responses to certain drugs, 
notably histamine, and a review of the literaturé on multiple tumors of this 
character form the basis of this report. 


CASE REPORTS 


Case I. M.M. (#532786), a 22-year-old white female, entered the Johns Hopkins 
Hospital in April 19, 1946. She complained of recurrence of symptoms which had been 
relieved for a nine months’ period by an operation performed four years previously at 
another hospital. Her mother had died with hypertension at the age of 28, having ex- 
perienced symptoms quite similar to those of which the patient complained. M.M.’s 
past history included diphtheria, scarlet fever, ruptured appendix and a dislocated hip, 
all prior to adolescence. Six months before the onset of her present complaints there 


2 In expert hands perirenal air insufflation has proved helpful in localizing a tumor 
(6); but, in view of the dangers of the procédure and the difficulties of interpretation 
of the x-rays, it is not recommended as a routine diagnostic measure in these cases. 
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had been an illness of two weeks’ duration, with headache and stiff neck, which she was 
told was poliomyelitis. There was apparently complete recovery. Menstrual periods had 
always been regular and the flow normal. 

Four years before our observation began, the patient was seized suddenly, while in 
bed, with a violent generalized headache which lasted only 10 minutes. During the en- 
suing three months similar attacks recurred at approximately biweekly intervals. These 
episodes were accompanied by blanching and coldness of the extremities and were fol- 
lowed by flushing and a sensation of warmth, without conspicuous sweating. Because of 
these symptoms, she entered a hospital in New York where an operation was performed 
with removal of a phaeochromocytoma from the left adrenal region. Studies performed 
and procedures carried out at that time were reported by Hyman and Mencher (19). 
The authors were aware that, at operation, the posterior layer of the capsule of the 
tumor was left in situ, because it was adherent to the surrounding structures. 

Following operation the patient had no more attacks for a period of nine months, 
after which time she began to experience “brief periods of over-fatigue, complete lassi- 
tude, tremors, palpitations and alternate blanches and flushes. At first these spells were 
infrequent, but more recently have been daily occurrences. Within the past month I 
have had several headaches similar to those in the preoperative period, together with 
fainting spells and nausea. I am unable to feel completely healthy for even one entire 
day.’ 

At the time of admission the attacks were occurring several times a day. They com- 
menced apparently spontaneously, although they were especially apt to occur when the 
patient was at stool or lying in bed on her left side. Heralded by severe generalized head- 
ache, they were climaxed by marked blanching and nausea and sometimes vomiting. 
Occasionally the patient became momentarily unconscious. After about three minutes 
she experienced great warmth, sweated and was left exhausted, the whole episode lasting 
about five minutes. 

Physical examination in a resting state revealed a healthy appearing girl of 22. The 
skin was warm and slightly moist. Pupils were normal, and there were no visible abnor- 
malities in the fundal vessels. The thyroid was diffusely and symmetrically enlarged to 
about twice average size. Neither thrill nor bruit was present. Heart rhythm was regular, 
rate slightly rapid. Although the apical impulse was accentuated, there were no evi- 
dences of cardiac enlargement. No significant murmurs were heard. Blood pressure was 
120/80. The rest of the physical examination was normal. 

During attacks she became markedly pale, especially in the extremities and around 
the mouth. “Goose pimples” might be apparent. An expression of great anxiety ap- 
peared, and on occasions she vomited. The blood pressure reached a maximum of 
approximately 200/150, but neither the cardiac nor the respiratory rate was much af- 
fected. Following the climax, she would become violently flushed, perspire freely and 
sink exhausted to the bed. The blood pressure did not return to normal for about 10 
minutes. 

Laboratory data: Serologic test for syphilis negative. Blood morphology normal. 
Urine contained neither sugar nor albumin; the sediment was normal. Concentration 
test, urea clearance and phthalein excretion were normal. Fasting concentration of the 
following was normal: whole blood sugar, non-protein nitrogen; serum cholesterol, 
calcium, inorganic phosphorus, alkaline phosphatase, chloride, bicarbonate, albumin, 


’ These quotations are from a letter written by the patient to one of the authors prior 
to her admission to the hospital. 
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globulin and potassium. An electrocardiogram revealed no abnormalities. An oral glucose 
tolerance test (Exton-Rose) was normal. X-rays of the skull, thorax and gall bladder were 
normal. Intravenous diodrast disclosed normal function and configuration of the 
urinary tract. The basal metabolic rate was minus 5 per cent. 


CHART I (M.M.) 


0.05MGM. 

HISTAMINE BASE LV. 1066. 10% 20.MG . 
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PYRIBENZAMINE GLUGONATE LV. ACID IV. 


4/26/46 ; 5/2/46 5/2/46 


4/24/46 
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Cuart I (M.M.). This chart shows the preoperative response of the systolic and 
diastolic blood pressure to the histamine and cold pressor tests, to the subcutaneous 
administration of epinephrine and to the intravenous administration of saline, caleium 
gluconate and nicotinic acid. The postoperative reaction to several of these tests is also 
depicted. 


Special studies: Cold pressor test (17) produced a rise in blood pressure from 125/70 
to 140/100 without symptoms (Chart I-b). Histamine test (32): 0.05 mg. histamine 
base in 1 ec. normal saline injected rapidly into the brachial vein was followed first by a 
momentary flush and then by an almost instantaneous rise in blood pressure from 
140/80 to 200/140. This elevation in blood pressure was associated with a reproduction 
of all the symptoms and signs of the spontaneous attacks. Venapuncture performed 
while the blood pressure was receding was followed by a second lesser rise in blood 
pressure (Chart I-a). Repetition of the histamine test, 75 mg. of pyribenzamine having 
been given orally during the previous hour, resulted in an almost exact replica of the 
original histamine test (Chart I-c). Control injection of 1 ec. normal saline produced an 
insignificant blood pressure rise and no symptoms. Injection of 10 ce. of 10 per cent 
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calcium gluconate intravenously produced a marked generalized flush and slight 
fall in blood pressure. Injection of 20 mg. nicotinic acid in saline likewise produced a 
flush and a slight fall in blood pressure (Chart I). Ad ninistration of 0.5 mg. epinephrine 
subcutaneously produced a 20 point rise in systolic blood pressure and no subjective 


CHARTI (MM.) CONT'D. 
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response. Just prior to epinephrine injection, blood sugar was 76 mg. per cent, serum 
phosphorus 3.6 mg. per cent. Twenty minutes later the blood sugar was 76 mg. per cent, 
serum phosphorus 3.4 mg. per cent. Carotid sinus pressure was followed by a normal 
response. Massage of the flanks produced neither blood pressure change nor symptoms. 

Operation: From the above it seemed likely that an excess of endocrinologically 
active chromaffin tissue was present. Since it was known that sone capsular tissue had 
been left at the previous operation, it was decided with Dr. Colston that the left adrenal 
area should be explored.‘ At operation on May 10, 1946, a tumor the size of a golf ball 
was found in the left adrenal area, entirely encapsulated, so that co nplete removal was 
possible. During operation the blood pressure fluctuated wildly; high points of 240/145 
seemed to coincide with manipulation of the tumor, normal blood pressure readings 
being obtained between paroxysms. Following ligation of all the vessels, the blood pres- 
sure no longer fluctuated but fell gradually. Approxinnately three hours after operation, 
the blood pressure fell below 80 systolic mm. mercury and 0.1 ce. epinephrine was in- 


4 A surgical report on these cases will be made separately by Dr. A. C. Colston who 
carried out all the operative procedures. 
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jected into the tubing of the continuous intravenous apparatus. A similar dose of 
epinephrine was given one hour later, and thereafter the blood pressure remained stable 
at 100/80. A litre of whole blood was administered during a 5-hour period after opera- 
tion. Pathological examination of the tumor by Dr. Arnold R. Rich showed it to be a 
completely encapsulated benign phaeochromocytoma. 

At operation the pleura had been torn, and on the day after the operation signs of 
left pneumothorax and mediastinal emphysema were apparent. Cyanosis and respiratory 
difficulty which accompanied these complications were controlled by the administration 
of oxygen. The respiratory problems disappeared after the third day. At this time phlebi- 
tis of the right anterior tibial vein became evident at the site of the continuous intra- 
venous injection. 

On the tenth postoperative day the patient commented that she felt “woozy” when 
she lay on her left side. Since this position had evoked attacks before operation, blood 
pressure measurements were recorded with the patient in the left lateral decubitus. 
Upon assumption of this position, the blood pressure fell from 130/90 to 90/60, but 90 
seconds later the patient exclaimed “Here it comes!’’ Blood pressure rose precipitously 
to 240/170; and the patient complained of nausea and headache, weeping pitifully 
because she was having another attack after a second supposedly successful operation. 
As the blood pressure reached its peak two minutes after the attack began, there devel- 
oped flush and profuse sweat and the pulse rate rose to 120, remaining elevated for 
several hours after the pressure had returned to normal. 

Spontaneous attacks of this sort continued to occur when the patient lay on her 
left side, and sometimes when she assumed the upright position. Intravenous histamine 
test was repeated (this time using only 0.0125 mg. histamine base), and a typical attack 
resulted, the blood pressure rising to 210/130 (Chart I-h). Immediately prior to this 
test, the blood sugar was 118 mg. per cent and serum phosphorus 4 mg. per cent. Because 
of the continuing attacks and the positive histamine test, the conclusion was reached 
that there existed another phaeochromocytoma. The patient was discharged on June 1, 
1946 and returned on September 23, 1946. Meanwhile the attacks had occurred less 
frequently but more severely than before. 

Physical examination was the same as on the first admission. A spontaneous attack 
was observed on September 26 at 12:15 P.M. The blood pressure rose to 220/135. 
Fifteen minutes later the blood sugar was 116 mg. per cent, serum potassium 3.7 
meq./litre. Serum potassium determination had been made in the fasting state both on 
this morning and on the previous one, the concentration having been 4.5 and 4.6 meq., 
respectively. 

On September 26 the right adrenal area was explored by Dr. Colston. A tumor the 
size of a small lemon was found. There were three distinct nodules to the tumor, on the 
surface of two of which there was a thin film of yellow adrenal cortical tissue. The third 
nodule lay within fairly thick cortex, beyond which extended normal appearing adrenal 
tissue equivalent to about half a normal gland, which was not removed. The operation 
was very difficult, and there was much bleeding. The pleura was perforated, and the 
tumor capsule was ruptured with spilling of its contents into the wound. Efforts were 
made to retrieve these cellular contents, and the wound was washed with ether. There 
were three distinct rises in blood pressure during the operation, one when the 12th rib 
was being freed for resection and an instrument was passed beneath it, a second when 
the area was being palpated and the tumor was first felt and recognized, and a third 
when the tumor was mobilized for removal. The first two rises were relatively insignifi- 
cant, but in the third the blood pressure reached 240/180, from which peak it gradually 
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fell when the pedicle was ligated. Glucose and saline (350 cc.) were given and the ad- 
ministration of 1000 cc. of whole blood was begun during the operation. Despite these 
measures the blood pressure fell to 85/50 four hours after operation. Six mg. of epineph- 
rine chloride added to the continuous intravenous infusion over the course of the next 
five hours maintained the blood pressure at a normal level, and no further epinephrine 
was required. Pathologic examination revealed a rather “wild” looking and undifferen- 
tiated phaeochromocytoma continuous with normal adrenal medulla and encased in a 
thick capsule. In a few areas tumor cells were seen within the blood vessels. 

The ensuing three days were complicated by a fever of 103°, drowsiness amounting 
almost to coma and respiratory difficulty due to pneumothorax, which required tapping. 
Thereafter, aside from drainage of wound infection, recovery was uncomplicated. 
During later convalescence subcutaneous injection of 0.5 mg. epinephrine resulted in 
identical responses in blood pressure, blood sugar and serum phosphorus as recorded 
preoperatively. Cold pressor test was normal, a rise of 10 mm. mercury in both systolic 
and diastolic pressures being produced. Histamine test performed on October 12 
produced a fall in blood pressure accompanied by flush and palpitation and followed by 
slight headache (Chart I-s). The symptoms were in no way similar to those previously 
obtained, and the test was judged negative. A letter from the patient on January 8, 
1947 states that her wound is still draining but that she has been entirely free of all 
symptoms relating to the previous attacks and feels in excellent health. 


Case 2. Mrs. R.L. (4386001), a 36-year-old white female, a maternal aunt of Case 1, 
entered the Johns Hopkins Hospital on May 19, 1946. Early in childhood a doctor told 
her of a heart murmur, but she recalls no episode suggestive of acute rheumatic fever. 
Between the ages of 16 and 18 years, she experienced some attacks of palpitation which, 
together with a moderate thyroid enlargement, resulted in a subtotal thyroidectomy. 
Ten days after the operation, she was seized with a sudden headache, the first of a long 
series of violent paroxysmal episodes. A description of a typical attack in order of appear- 
ance of symptoms follows: sudden onset of throbbing headache, sensation of hair 
standing on end, palpitation, aching in the legs and arms, nausea and a desire to eruc- 
tate, profuse sweating over the entire body, and a sensation of pin pricks up and down 
the spine, with tingling of the tongue. These attacks would usually last about 20 
minutes, frequently terminating in a violent sneeze. The patient felt very weak and ex- 
hausted for several hours after each attack. : 

Because of continuation and increasing frequency of these episodes, the patient 
entered a hospital in New York at the age of 27, nine years after their onset. A phaeo- 
chromocytoma was removed from the left flank, the tumor being in the adrenal and 
adherent to the kidney. The entire left adrenal and left kidney were removed. Procedures 
incident to this hospital admission and operation have been reported in detail (1). The 
patient was free of attacks for approximately nine months after the operation. She has 
suffered with them ever since with the exception of complete freedom during her first 
pregnancy seven years before admission. During her second pregnancy four years before 
admission, however, the attacks were so severe that at the eighth month labor was in- 
duced and a healthy child was delivered manually. The patient was told at that time 
that her blood pressure was ‘over 200, and there was albumin in the urine.” 

During the year prior to her admission to this hospital, the attacks were more fre- 
quent and severe. She was also troubled by almost continuous sweating and ‘‘wave-like 
feelings of hot and cold.’’ Her symptoms now assumed two distinct patterns, sometimes 
one merging into the other, but more often occurring separately. In type 1 there were 
“headache, blanching of the skin, pounding of the heart, goose-pimples and a sensation 
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of the hair standing on end.” Such attacks were quite regularly induced by exertion 
and lasted only a few minutes. In type 2 she experienced a feeling of weight in the 
chest, pain in the episternal notch and down the left arn. Att. *s of this sort might 
last throughout an entire day. Menses were quite regular and normal, and there had 
been no recent change in weight. 

Physical examination showed a hyperkinetic woman who appeared to be in good 
health. Nutrition was normal, and there was no abnormal pigmentation. Examination 
of the optic fundi revealed narrowing of the fundal arteries and slight nicking of the 
veins at the crossings. There was no papilledema, and no exudates or hemorrhages were 
seen. The thyroid tissue beneath tne scar was normal to palpation, and there were neither 
eye signs of Graves’ disease nor tremor. There was no lymph node enlargenent. The 
lungs were clear. The heart was overactive but not enlarged; sounds were vigorous, and 
there was present a rough systolic murmur, loudest at the apex, interpreted as of organic, 
probably rheumatic, origin. The right kidney was enlarged, readily palpable and not 
tender. The liver was at the costal margin; the spleen was not felt. Reflexes and periph- 
eral pulses were normal. When the patient was examined while symptom free (except for 
the almost constant sweating), the blood pressure was highly variable, ranging from 
120/80 to 250/140. The cardiac rhythm showed frequent curious changes of which 
the patient was quite unaware, seemingly unrelated to the blood pressure fluctuations. 
The rate might be found as low as 50 per minute, with abrupt changes to 140 or 150 per 
minute, and might be either regular or irregular. 

During attacks the following observations were made: skin pallid and drenched, 
dyspnea with respiratory rate up to 50 per minute, extrene weakness and mental con- 
fusion, much like a patient coming out of an anesthetic. The blood pressure was as 
high as 280/160, but it should be noted that ‘in such spontaneous attacks the blood 
pressure was always falling by the time the observer reached the patient, and it may 
well have reached higher levels. 

The patient was discharged from the hospital after only four days, because her 
child became ill. She returned on September 30, 1946 with symptoms unchanged and 
physical findings identical. On both admissions she ran a slightly elevated evening 
temperature (100 to 100.4° per rectum) before operation. 

Laboratory data: Serologic test for syphilis was negative. Blood morphology: no 
anemia; WBC ranged from 12,000 to 15,000 with normal differential count. Urine: 
highest concentration 1.028; albumin content varied from zero to moderate traces; 
glycosuria’ never present; sediment always normal. Fasting concentration of the fol- 
lowing was normal: whole blood sugar, non-protein nitrogen; serum cholesterol, calcium, 
inorganic phosphorus, alkaline phosphatase, chloride, bicarbonate, albumin, globulin, 
potassium, and bilirubin. Cephalin flocculation was negative, and prothrombin time 
and serum amylase were normal. During a spontaneous attack, the blood sugar at 5 
minutes was 118 mg. per cent; at 1 hour (when the blood pressure had just returned to 
140/85) the sugar was 130 mg. per cent. Serum inorganic phosphorus taken at the 
same times was 4.6 and 4.7 mg. per 100 cc., respectively. Oral glucose tolerance test 
(100 Gm.): fasting 118 mg., } hour 234 mg., 1 hour 290 mg., 2 hours 183 mg., 3 hours 60 
mg., 4 hours 68 mg. per 100 cc. There was no glycosuria. Circulation time and venous 
pressure were normal. Phthalein excretion was 15 per cent in 15 minutes, 55 per cent 
total in 2 hours. Basal metabolic rate: plus 15 per cent; fair test; pulse 95. 

Numerous electrocardiographic records were obtained, none of which were com- 
pletely normal. The ST segment was consistently depressed in lead 2 and elevated in 
lead 3. T; was usually biphasic, T; sometimes inverted, and T, frequently inverted. 
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Although the rhythm was usually regular, on occasions, unassociated with clinical symp- 
toms or the T wave changes noted above, it would become irregular. This consisted of 
periods of sinus arrest, lasting up to 4 seconds, during which there appeared nodal escape, 
and, in some instances, easily identified retrograde P waves following the ectopic nodal 
beat. The T waves were interpreted as being definitely abnormal, the sinus arrest and 
nodal escape beats as suggesting vagotonia to a marked degree. None of the electrocar- 
diographic changes could be correlated with the occurrence of attacks of paroxysmal 
hypertension. 

X-rays: Skull and sella normal. Teleoroentgenogram: normal. Intravenous dio- 
drast: “‘The right kidney is well visualized, enlarged, a little low, but certainly shows 
nothing suspicious of a filling defect or a mass.” 

Special studies: Cold pressor test: the blood pressure rose from 135/90 to 160/105. 
Sodium amytal test: 3 doses 0.2 Gm. each given orally at } hour intervals. Blood pressure 
at the start was 250/130 (patient symptom free). Blood pressure fell steadily to 110/70 
two hours after the last dose of amytal, at which time the patient was asleep. She awak- 
ened five hours after the last dose of amytal, at which time the blood pressure was 
130/90. Histamine test: 0.05 mg. histamine base in 10 ce. saline injected rapidly by vein 
produced an immediate flush and coincident fall in blood pressure from 140/100 to 95/80. 
Within a minute the blood pressure had risen to 300 + /190, the skin was pale, respira- 
tions were 90 per minute and the pulse 150 per minute (Chart II-a). The patient’s 
symptoms were the same as during a severe spontaneous attack. Bending, lateral flexion 
and jumping produced no change in symptoms or blood pressure. Severe exercise, con- 
sisting of running upstairs, produced a severe attack but not the curious electrocardio- 
graphic pattern noted above. Subcutaneous injection of 0.5 mg. epinephrine was fol- 
lowed by no change in pulse, blood pressure (135/85), or symptoms over a half hour 
period. 

Operation (10-4-46): It seemed probable that this patient, like her niece, had more 
physiologically active chromaffin tissue. Inasmuch as the left adrenal gland had already 
been completely removed, the right adrenal area was explored by Dr. Colston. A mass 
the size of a grapefruit was found, on the surface of which, and almost surrounding it, 
was plastered a paper-thin layer of yellowish brown tissue which was clearly adrenal 
cortex. It was impossible to remove the tumor and yet leave this tissue. Since the other 
adrenal had been removed at the operation nine years previously, it was feared that this 
might be her only remaining cortical tissue. The layer was so thin, however, that it was 
judged inadequate to support life. Some additional cortical tissue must be present. The 
mass was, therefore, removed intact. During the operation the blood pressure rose from 
105/80 to 260/185, falling gradually to unobtainable levels as the operation ended. 
Response to transfusion was good, and during the succeeding 96 hours the systolic blood 
pressure fluctuated from 80 to 130 mm. mercury supported by periodic additions of 
epinephrine to the constant intravenous infusion. The total dosage of epinephrine ad- 
ministered during this period was approximately 50 mg. Fever reached 105° on the 
second night, at which time pneumothorax resulting from a pleural tear required tapping 
for fluid and air removal. The patient sweated profusely, appeared apathetic, dyspneic 
and cyanotic for several days. After the fourth day, the blood pressure required no 
further support by epinephrine; and convalescence thereafter was rapid eae wound 
infection and phlebitis at the site of the intravenous infusion. 

Pathologic examination showed the mass to be a phaeochromocytoma surrounded 
by a thin layer of adrenal cortical tissue. The tumor cells were similar to those in the 
second tumor from M.M., but no tumor cells were found within the blood vessels. 
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Two weeks after operation there was no clinical or chemical evidence of adrenal in- 
sufficiency. Histamine test was repeated with normal results (Chart II-d). Cold pressor 
test and epinephrine response were also normal (Chart II-c and f). An oral glucose 
tolerance test on October 16, 1946 disclosed: fasting 88 mg., } hour 118 mg., 1 hour 
130 mg., 2 hours 80 mg., 3 hours 82 mg., 4 hours 80 mg. per 100 ce. 
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CHART I (R.L.) 


‘OPERATION 10/4/46 


0 1:1000 


PRESSOR j 
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Cuart II (R.L.). This chart shows the effect of the histamine and cold pressor 
tests and of the subcutaneous administration of epinephrine on the systolic and diastolic 
blood pressure before and after operation. 


A letter from the patient dated February 6, 1947 states: “Anything resembling previ- 
ous attacks has entirely disappeared. My blood pressure is 120/80; there is absolutely 
no sweating and I am quite strong. My circulation does not appear to be normal, 
however. My hands blanch from the palms to the finger tips, and at times the digits re- 
main numb long enough to be painful. The tip of my nose is usually cold.’ 


5 These symptoms of Raynaud’s phenomena had been present since the age of 18 and 
had not been materially altered by her first operation (1). 
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Review of the literature reveals (see Appendix for details) 15 cases of 
bilateral phaeochromocytomata in which the tumors were located in or 
near the adrenal glands, and two cases each with two tumors arising in 
Zuckerkandl’s body and the retroperitoneal ganglia. 

It should be emphasized that no surgical attempt was made to remove 
the tumors in any of these cases. There is no proof, therefore, that the 
phaeochromocytomata were actively secretory and responsible for any of 
the patients’ symptoms, though in many instances it seems altogether 
likely. Insofar as we are aware, the patients here reported are the first 
from whom more than one phaeochromocytoma has been removed. Mac- 
Kenzie, in discussing a paper by Hyman and Mencher (19) mentions a 
patient of his own whose paroxysmal hypertension disappeared after re- 
moval of a tumor. Four and a half years later the symptoms recurred. 
Though careful exploration of both adrenal areas failed to reveal a tumor, 
MacKenzie was of the opinion that another phaeochromocytoma existed 
somewhere. It would seem that certain individuals have a propensity for 
tumefaction of adult chromaffin tissue. This propensity might result from 
an increased stimulus to such tissue or from a hyper-responsiveness of the 
chromaffin tissues to a normal stimulus. With the above experiences in 
mind, there was considerable mental reservation in our answers to the 
question posed by both patients: ‘How do you know we won’t develop 
still more tumors?” 

In this same connection another unique feature of the cases here re- 
ported was their close relationship. The familial incidence is even more 
impressive since the mother of the younger patient, who was also the 
sister of the elder patient, seems almost certainly to have died of the same 
condition. It is interesting to note that there is also a high incidence of 
thyroid disease in this family; R.L., her two sisters and her mother were 
all subjected to thyroidectomy in their youth. 

The association of ‘thyroid disease’ and phaeochromocytomata is 
commonly found in the literature of the latter condition. Usually the ana- 
tomical status of the thyroid has been noted as simply diffuse adenomatous 
enlargement. In many, a diagnosis of hyperthyroidism (36, 38) has been 
made because of elevated basal metabolic rates and suggestive sympto- 
matology. It is difficult to discern from reported cases which of several 
possibilities provides the most suitable explanation for this association. 
True hyperthyroidism may have been present and purely coincidental. The 
incidence seems far too great to make this likely. There may be some direct 
action on the thyroid by the secretion of the phaeochromocytomata, which 
induces non-secretory thyroid enlargement, perhaps. through its vascular 
effects. Diagnostic difficulty is further enhanced by the nervousness, 
tremor and hypermetabolism produced by epinephrine. 
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We have been impressed by the value of histamine as a method of in- 
ducing attacks in patients with phaeochromocytomata. The use of his- 
tamine as a diagnostic test was first suggested by Roth and Kvale (32). 
These investigators compared the effect of intravenous injection of 0.05 
mg. histamine base with that of the cold pressor test in a series of normal 
individuals, hyper-reactors (to the cold pressor test), patients with well 
established hypertension and in three patients with phaeochromocytomata 
subsequently demonstrated at operation. They found that “in the first 
three groups the blood pressure rose to a level somewhat less than the 
elevation obtained by the cold pressor test.’’ In the three patients who 
suffered from phaeochromocytomata, the blood pressure “rose approxi- 
mately 100 mm. more than the elevation obtained by the cold pressor test, 
and was accompanied by the characteristic symptoms of a typical sponta- 
neous attack.” 

Our experience with the use of the Roth-Kvale test coincides closely 
with theirs. In our patients the injection of histamine produced an abrupt 
rise in blood pressure which dwarfed that which accompanied the cold 
pressor test (see Charts). The drug seemingly induced episodes which were 
in all respects identical with spontaneous attacks. The test appears to have 
a two-fold value, first as a method of producing attacks at will for study, 
and, second, as an indication of the presence of phaeochromocytoma. In 
the patients here reported, so long as the test remained positive, it was 
possible to find and remove more tumors. Conversely, so far as known, no 
phaeochromocytomata have been found in patients in whom the test was 
negative. 

The mode of action of histamine in producing these attacks is not clear. 
Its peripheral vasodilating effect is probably not responsible, since the 
intravenous injection of neither calcium nor nicotinic acid produced attacks 
despite evidence of pronounced peripheral vasodilatation. Our attempts 
to block the effect of histamine by the use of pyribenzamine orally were 
unsuccessful, though the dosage of pyribenzamine used (75 mg.) may have 
been insufficient for the purpose. 

It has long been known that the intravenous injection of histamine into 
normal animals is followed by a marked increase in epinephrine discharge, 
a concurrent rise in blood pressure preceded by a transitory fall, and a 
parallel hyperglycemia (12, 4, 37). That these effects are due to stimulation 
of the adrenals is apparent from the demonstration by Dale and others 
that they do not occur following removal of these glands (4, 37, 21). 
Whether the motivation of histamine action is directly on the medullary 


° Histamine may have produced vasodilatation of internal organs, whereas the other 
two drugs may not have. 
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cells or is mediated through some reflex mechanism’ is not clear, owing to 
conflicting experimental observations (12, 4, 37, 21). 

Whatever the mechanism, it is possible that histamine calls forth a maxi- 
mum response from all active chromaffin tissue. Thus a patient with a 
phaeochromocytoma would have more tissue available for such a response. 
Attacks of hypertension in patients with phaeochromocytomata have 
followed injection of other drugs. Mecholyl was immediately followed by 
an attack in Mayock’s patient (26). Although in the majority of cases 
subcutaneous injection of epinephrine has produced negligible symptoms, 
in an unreported case observed by Schoenbach (33), injection of small 
doses repeatedly induced typical paroxysms. 

Thus far we have seen no ill effects from the use of the Roth-Kvale test. 
Terrific attacks of paroxysmal hypertension so induced have caused alarm, 
yet in our patients, attacks induced by histamine were no more severe than 
some spontaneous attacks, and it seems to us unlikely that the dangers 
inherent in the test would be more severe than would inevitably be suffered 
by the patient in subsequent spontaneous episodes. If the above philosophy 
is accepted, and there is at present to our knowledge no contradictory 
evidence, the dangers inherent in the test may have been overstressed in 
a recent discussion by Burrage (5). 

It may be that, in patients suffering with sustained hypertension result- 
ing from phaeochromocytoma, histamine may not induce a conspicuous 
further rise in blood pressure owing to already near maximal narrowing 
of the arteriolar bed. In cases in which the arteriolar narrowing has not 
become anatomically fixed, the use of epinephrine antagonists such as those 
of the Fourneau series (20), may prove of great diagnostic aid. 

Passing comment should be included on one further feature, namely, the 
wide variation in the effect of medullary adrenal tumors on carbohydrate 
metabolism. Some tumors invoke marked glycogenolysis with each parox- 
ysm of hypertension, as would be expected from a massive injection of 
epinephrine. In one instance (18) the clinical syndrome of diabetes was 
present, which entirely disappeared after removal of the tumor and has 
remained absent to date, nearly five years later. Other individuals with 
phaeochromocytoma, however, show little or no effect on their carbohy- 
drate metabolism. The two patients here reported appear to be of the latter 
group. At no time did either patient manifes‘ glycosuria; glucose tolerance 


7 This reflex may be initiated by a rapid fall in blood pressure. Very transitory fall 
in blood pressure was noted coincident with histamine injection in our patients, and in 
one instance (M.M.) a momentary fall in blood pressure was observed preceding a spon- 
taneous attack. Wada (37) noted this transitory hypotension following injection of his- 
tamine into his dogs. He further observed that the longer it lasted, the greater the sub- 
sequent epinephrine discharge. 
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tests were essentially normal and the concentration of blood sugar and 
serum inorganic phosphorus showed little change after either spontaneous 
or induced attacks. The only suggested explanation has been that some 
tumors may secrete an epinephrine-like pressor hormone, rather than 
epinephrine itself (18). Evidence against this hypothesis is the fact that 
0.5 mg. epinephrine subcutaneously did not produce evidence of glyco- 
genolysis in our patients either before or after operation. 


SUMMARY AND CONCLUSIONS 


This report contains observations on two patients, members of the same 

family, each of whom had phaeochromocytomata of both adrenals. Suc- 

' cessful surgical removal of three tumors from these two patients with even- 
; tual relief of symptoms is described. 

The histamine test, devised by Roth and Kvale, proved to be a valuable 
aid to our diagnostic confidence in the existence of the tumors. In the three 
instances here reported of recurrence of symptoms after removal of a 
tumor, this test proved a reliable guide for further exploratory surgery. 

Previous reports of multiple phaeochromocytomata are reviewed. 

The importance of diagnosis of the presence of phaeochromocytoma can-_ 
not be overemphasized, as this is one of the few causes of hypertension 
which can he successfully attacked at the present time. Since phaeochro- 
mocytomata may present the symptomatology of paroxysmal hypertension, 
benign hypertension, malignant hypertension or hyperthyroidism, it is 
urged that the clinical use of histamine and other pharmacologic tests be- 
come more widespread. 


APPENDIX 


We have been able to find in the literature reports of 17 cases of multiple phaeo- 
chromocytomata; 15 of these had tumors situated in or near the adrenal glands. Four 
of these, mentioned by Buchner (3), Lascagna (24), Gorog (14) and Marchetti (25), are 
pathological reports only and contain no clinical material. The first two of these were 
malignant. Of the entire series, three others also suffered from malignant tumors.‘ 
Eisenberg and Wallerstein (11) report a woman of 63 who entered the hospital because of 
a mass in the neck. Her blood pressure had ranged between 120/75 and 130/85, and she 
had suffered no symptoms suggestive of paroxysmal hypertension. She eventually died 
of what was found to be massive multiple metastases from bilateral malignant phaeo- 
chromocytomata. She had also a papillary adenocarcinoma of the thyroid, which had 
caused the chief complaint. Gravier and Bernheim (15) reported a patient whose age 
and sex are not given but whose blood pressure was recorded as 105/50. This patient died 
of mediastinal metastases from bilateral malignant phaeochromocytomata. Scarcely 
more information is given about King’s (22) patient, a 30-year-old man who died of 


8 Certain reservations must be made in considering these five malignant cases truly 
bilateral. Although in each case the tumors on the two sides were allegedly inddgentans. 
there remains a real possibility that one was a metastasis from the other. 
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hemorrhage following tooth extraction. No blood pressure is recorded. It is interesting 
to note that his thyroid gland had been removed 14 years previously. Pathological exam- 
ination revealed bilateral malignant phaeochromocytomata with metastatic nodules in 
the adrenal, liver, skin and bowel. None of these three patients is known to have experi- 
enced symptoms of paroxysmal hypertension. 

Of the 15 patients with bilateral tumors, seven were known to have suffered from 
constant hypertension. In all seven the tumors were benign. Biebl and Wichels (38) 
described a 36-year-old male diabetic who died of what was subsequently proven to be 
a cerebral hemorrhage. He maintained a blood pressure of 208/120 to 225/125 and suf- 
fered from a similar, although less severe, vascular accident two years previously. At 
autopsy bilateral retroperitoneal phaeochromocytomata were found. There were no 
metastases. Herde’s (16) case report contains no clinical information except that the 
blood pressure was known to be “elevated.” The patient, a 45-year-old woman, died of 
a cerebral thrombosis and pulmonary edema. Bilateral benign phaeochromocytomata 
were found at postmortem examination. A 14-year-old girl was reported by Kremer 
(23). She suffered from what appeared to be typical malignant hypertension, together 
with a severe endocrinopathy characterized by obesity, polycythemia and masculiniza- 
tion, with hypertrichosis and underdevelopment of the breasts and genitalia. At au- 
topsy she was found to have bilateral ovarian cystomata as well as bilateral benign 
phaeochromocytomata. 

Paul (29) quotes Kulschera and Aichberger as having seen a 72-year-old female with 
a systolic blood pressure ranging from 185 to 192 mm. Hg. She suffered from periodic 
attacks of headache and dizziness, eventually dying of cardiac insufficiency. Pathological 
examination disclosed, in addition to chronic nephritis and cardiac hypertrophy, benign 
bilateral phaeochromocytomata. Popken’s (31) patient, a 43-year-old woman with 
known hypertension, died from a cerebral hemorrhage. At autopsy benign phaeo- 
chromocytomata were found in both adrenal glands. Schroeder (34) reported a 42-year- 
old woman with diabetes which was resistant to insulin. She had a five year history of 
hypertension, recently reaching a maximum of 220/140, and finally died of broncho- 
pneumonia and diabetic coma. A small calcified tumor was found in the thyroid gland 
at autopsy, in addition to bilateral benign phaeochromocytomata. 

Frankel (13), in 1886, reported an 18-year-old girl with known hypertension, although 
no actual blood pressure measurements are mentioned. For the previous four years she 
had been suffering from episodes of what closely resembled: paroxysmal hypertension. 
These consisted of palpitations, headache, feeble rapid pulse, hyperpnea, pain in the 
chest, nausea and sometimes vomiting. Death occurred in one of these attacks. Bilateral 
adrenal tumors found at autopsy gave a positive chrome reaction. Although they were 
called angiosarcomata at the time, Edward (10) states that they were almost certainly 
phaeochromocytomata. Only one other patient, reported by Paul (29) had a history 
suggestive of paroxysmal hypertension. After induction of cocaine anesthesia, he had a 
sudden attack of headache, sweating, dyspnea, tachycardia and dilation of the pupils, 
and died two hours later. It is not known whether he had experienced similar episodes 
previously, and no blood pressure was taken. At postmortem examination, bilateral 
chromaffin tumors were found, the extract of which was experimentally shown to have a 
pressor effect. 

Of these 15 cases of bilateral phaeochromocytomata, therefore, one-third were malig- 
nant. Although clinical information is far from complete, none of these patients is 
known to have suffered from either constant or paroxysmal hypertension. Of the ten re- 
ports of patients with benign tumors, seven contained information as to the blood pres- 
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sure. All these patients had hypertension. Only two patients had symptoms clearly sug- 
gesting paroxysmal hypertension. Although this tendency for patients with malignant 
phaeochromocytoma to have normal blood pressure agrees with the observations of 
McGavack (27), it must be emphasized that this is by no means infallible. There are a 
number of reports in the recent literature of hypertension in patients with malignant 
phaeochromocytomata. 

In addition to these cases of bilateral phaeochromocytomata, all of which were lo- 
cated in or near the adrenal glands, there are several additional reports of interest. 
Cragg (8) published a pathological report on a 39-year-old female who died of broncho- 
pneumonia. At autopsy she was found to have a large malignant tumor of the carotid 
body plus bilateral benign tumors of the bodies of Zuckerkand!. McCullagh and Engel 
(28) reported another case of multiple phaeochromocytomata. The patient, a 28-year- 
old man, was a known diabetic with persistent hypertension. In addition he had an 
elevated basal metabolism and symptoms which led to the diagnosis of hyperthyroidism. 
Thyroidectomy was performed, but he developed a furuncle postoperatively and died of 
cellulitis. At autopsy he was found to have a phaeochromocytoma of the right adrenal 
gland plus another tumor, smaller but similar grossly and microscopically, of Zucker- 
kandl’s body. 


REFERENCES 


1. Beer, E., Kine, F. H. and Prinzmetat, M. Phaeochromocytoma with demonstra- 
tion of pressor (adrenalin) substance in the blood preoperatively during hyper- 
tensive crises. Ann. Surg. 106: 85-91 (1937). 

2. Biskinp, G. R., Meyer, M. A. and Brapner, S. A. Adrenal medullary tumor; 
phaeochromocytoma cured by surgical intervention; clinical manage-nent; analysis 
of all reported operated cases. J. Clin. Endocrinol. 1: 113-123 (Feb. 1941). 

3. Bucuner, F. Spezifische tumoren des Nebennierenmarks mit hypertonie. Klin. 
Wehnschr. 13: 617-619 (April 28, 1934). 

4. Burn, J. H. and Dats, H. H. The vasodilator action of histamine and its physio- 
logical significance J. Physiol. 61: 185-214 (1926). 

5. Burrage, W. C. (In discussion at weekly Clinicopathological Exercise, Case 

32511), New England J. Med., December 19, 1946. 

. CanttL, G. F. Hormonal tumors of the adrenal. Surgery 16: 233-265 (Aug. 1944). 

. CasTLeMAN, B. and Smrruwick, R. H. The relation of vascular disease to the hyper- 

tensive state based on a study of renal biopsies from 100 hypertensive patients. 

J.A.M.A. 121: 1256-1261 (April 17, 1943). 

CasTLEMAN, B. and Smrruwick, R. H. Personal communication. 

8. Craaa, R. W. Concurrent tumors of the left carotid body and of both Zuckerkandl 
bodies. Arch. Path. 18: 635-645 (Nov. 1934). 

9. Duncan, L. E., Jr., Semans, J. H. and Howarp, J. E. Adrenal medullary tumor 
(phaeochromocytoma) and diabetes mellitus; disappearance of diabetes after re- 
moval of the tumor. Ann. Int. Med. 20: 815-821 (1944). 

10. Epwarp, D. G. F. Phaeochromocytomata and hypertension, with details of a case. 

J. Path. & Bact. 45: 391-398 (Sept. 1937). 
11. Ersenpere, A. A. and Wauuerstern, H. Phaeochromocytoma of the suprarenal 
medulla (paraganglioma); a clinicopathologic study. Arch. Path. 14: 818-836 (1932). 

12. Exuiorr, T. R. The control of the suprarenal glands by the splanchnic nerves. J. 

Physiol. 44: 374-409 (1912). 

. FRANKEL, F. Ein fall von doppelseitigem véllig latent verlaufenen nebennieren- 


wit 


PHAEOCHROMOCYTOMATA 491 


July, 1947 


tumor und gleichzeitiger Nephritis mit Veranderungen am Circulations Apparat und 
Retinitis. Virchow’s Arch. f. path. Anat. 103: 244-263 (1886). 

14. Goroe, D. Chromaffine geschulst beider Nebennieren. Centralbl. f. allg. Path. uw. 
path. Anat. 66: 309 (1936-37). 

15. Gravier, L. and Bernuer. Cancer bilatéral des glandes surrénales avec généralisa- 
tion médiastinale et syphilis pulmonaire concomitante. Lyon Méd. 134: 223-228 
(1924). 

16. Herpr, M. Zur Lehre der Paragangliome der Nebenniere. Arch. f. klin. Chir. 97: 
937-951 (1912). 

17. Hres, E. A., Jk. and Brown, G. E. A standard test for measuring the variability of 
blood pressure: its significance as an index of the prehypertensive state. Ann. Int. 
Med. 7: 209-217 (August 1933). 

18. Howarp, J. E. and Barker, W. H. Paroxysmal hypertension and other clinical 
manifestations associated with benign chromaffin cell tumors (phaeochromocy- 
toma). Bull. Johns Hopkins Hosp. 61: 371-410 (1937). 

19. Hyman, A. and Mencuer, W. H. Phaeochromocytoma of the adrenal gland. J. 
Urol. 49: 755-776 (June 1943). 

20. Katz, L. N. and Friepsere, L. The hemodynamic effect of the dioxane derivative 
933 F on trained unanesthetized normal and renal hypertensive dogs and its effect 
on the pressor action of renin. Am. J. Physiol. 127: 29-384 (August 1939). 

21. Ketiaway, C. H. and Cows tt, 8. J. On the conceuiration of the blood and the 
effects of histamine in adrenal insufficiency. J. Physiol. 57: 82-99 (1923). 

22. Kina, E. 8S. J. Malignant phaeochromocytoma of the adrenals. J. Path. & Bact. 
34: 447-452 (July 1931). 

23. Kremer, D. N. Medullary tumor of the adrenal glands with hypertension and 

P juvenile arteriosclerosis. Arch. Int. Med. 57: 999-1007 (May 1936). 

24. Lascaena, F. Beitrag zur Kenntnis bésartiger Nebennierengeschwiilste. Virchow’s 
Arch. f. path. Anat. 201: 282-288 (1910). 

25. Marcuetti, G. Beitrag zur Kenntnis der pathologischen Anatomie der Neben- 
nieren. Virchow’s Arch. f. path. Anat. 177: 227-248 (1904). 

26. Mayock, R. L. Insensitivity to epinephrine in a patient with a functioning tumor of 
the adrenal medulla. In press. 

27. McGavack, T. H., Bensamrn, J. W., Speer, F. D. and Kiorz, 8. Malignant phaeo- 
chromocytoma of the adrenal medulla (paraganglioma); report of a case simulating 
carcinoma of the adrenal cortex with secondary adrenal insufficiency. J. Clin. 
Endocrinol. 2: 332-338 (May 1942). 

28. McCuttaau, E. P. and Engen, W. J. Phaeochromocytoma with hypermetabolism; 
report of two cases. Ann. Surg. 116: 61-75 (July 1942). 

29. Pau, F. Die krankhafte funktion der Nebenniere und ihr gestaltlicher Ausdruck. 
Teil I, II. Virchow’s Arch. f. path. Anat. 282: 256-326; 327-401 (1931). 

30. Puitips, B. Intrathoracic phaeochromocytoma. Arch. Path. 30: 916-921 (Oct. 
1940). 

31. Porxen, C. Uber chromaffine Tumoren. Beitr. z. path. Anat. u. z. allg. Path. 97: 
337-349 (1936). 

32. Roru, G. M. and Kvats, W. F. A tentative test for phaeochromocytoma. Am. J. 
M. Sc. 210: 653-660. (Nov. 1945). 

33. ScHOENBACH, E. Personal communication. 

34. ScuroEDER, K. Doppelseitiges Nebennierenparaganglion. Centralbl. f. allg. Path. 

u. path. Anat. 41: 483 (1927-28). 


hes 
‘ 


b 
¢ 
i 


EVAN CALKINS AND JOHN EAGER HOWARD Volume 7 


. Toorn, G. W., Hinpue, J. A. and SanpMeyer, J. A. Phaeochromocytoma of the 


adrenal associated with persistent hypertension; case report. Ann. Int. Med. 21: 
122-130 (July 1944). 


. Waater, E. A chromaffin tumor simulating Graves’ disease. Acta Med. Scandinav. 


123: 1-11 (1945). 


. Wana, M. K., Fuzu, K., Srsura, H., Humrarxo, S. and Li, M. C. The action of 


histamine upon the epinephrine secretion from the suprarenal gland in non-anes- 
thetized dogs. Tohoku J. Exper. Med. 37: 442-465 (Jan. 30, 1940). 


. Wicuexs, P. and Brest, M. Zur Diagnose der Paragangliome der Nebennieren. 


Miinchen med. Wehnschr. 75: 656-657 (April 13, 1928). 


492 
at 
Leg 


SYNDROME PRODUCED BY ABSENCE OF THE 
GERMINAL EPITHELIUM WITHOUT 
IMPAIRMENT OF THE SERTOLI 
OR LEYDIG CELLS 


E. B. pet CASTILLO, ARMANDO TRABUCCO, anp 
F. A. pE ta BALZE 


From the Endocrine Laboratory of the Hospital Rivadavia and Ward XVI of the 
Hospital Alvear, Buenos Aires, Argentina . 


HE classification of abnormalities of the endocrine and spermatogenic 

functions of the testes is improving. Until a few years ago, the subject 
was extremely confused, largely as a result of the inadequacy of the meth- 
ods of study. Histological studies of testicular biopsies and assays of urine 
for various hormones has made it possible to isolate several syndromes in 
which the testicular pathology is the primary abnormality. 

The present paper gives the clinical, anatomical, and biological charac- 
teristics of a new testicular syndrome. Evidence of the existence of a second 
testicular hormone is strengthened by the observations reported and a 
specific function for the Sertoli cells is established. 

Before discussing this new syndrome, it will be helpful to mention 
briefly three related syndromes. 

1. In 1942 Klinefelter, Reifenstein, and Albright (16) (see Table I) 
described a syndrome characterized by gynecomastia, aspermatogenesis 
without aleydigism, and increased excretion of follicle-stimulating hormone 
(to be designated hereafter as F.S.H.) They presented nine cases. Testicu- 
lar biopsies showed hyalinization of all, or nearly all, of the tubules. The 
pathologic process involved the germinal cells as well as the cells of Sertoli. 
There appeared to be an increase in the number of Leydig cells but this 
appearance was probably accounted for by the shrinkage of the tubules. 
The testes were small and soft and the patients, of course, were sterile 
inasmuch as the semen showed azoospermia. F.S.H. was excreted in the 
urine in excessive amounts in all the patients and to a degree comparable 
to that found in castrates. All patients presented bilateral gynecomastia. 
The estrin excretion was studied in two cases and found to be within 
normal limits. 

2. In 1941 Albright et al. (1) described a group of patients with eunuch- 
oidism and increased F.S.H. excretion (Table No. I, Column 2). Heller, 
Nelson and Roth (11) studied a group of these patients. Clinically, they 


Received for publication March 17, 1947. 
The expenses of this study were defrayed in part by Squibb and Sons of Argentina. 


493 


| 
‘ 

* 
4 

= 


5 
- 

¢ 


494 DEL CASTILLO, TRABUCCO, DE LA BALZE Volume 7 


presented manifest sexual infantilism of the type which is ordinarily as- 
sociated with prepuberal lack of Leydig cell function, and biopsies of the 
scrotal content revealed no actively functioning testicular tissue. All cases 
presented marked elevation of the F.S.H. excretion in the urine. 


TABLE I 
TABULATION OF THE DIFFERENCES BETWEEN THE KLINEFELTER, REIFENSTEIN AND 


ALBRIGHT SYNDROME (1942), THE EUNUCHOIDISM WITH INCREASED F.S.H. Excre- 
TION, THE CASTRATION SYNDROME, AND SYNDROME HERE DESCRIBED 


No. 1 
Klinefelter, 
Reifenstein, 

and Albright 

(1942) 


No. 2 
Eunuchoidism 
With 
Increased 
F.S.H. 


No. 3 


Castrates 


No. 4 


Syndrome 
Here 
Presented 


Clinical manifesta- 
tions of Hypoley- 
digism 


absent or 


scarce 


present 


present 


absent 


Gynecomastia 


present 


frequently 
present 


frequently 
present 


absent 


17-ketosteroids 


normal or 
subnormal 


reduced 


reduced 
(usually) 


reduced 


F.S.H. 


increased 


increased 


increased 


normal 


Azoospermia 


present 


present 


present 


present 


Sertoli cells 


destroyed 


absent or 
atrophied 


absent 


present 


Germinal 
epithelium 


intense 
lesion 


absent or 
atrophied 


absent 


absent 


Walls of the tubules 


hyalinized 


absent or 
atrophied 


absent 


normal 


Leydig cells 


apparent 
hyperplasia 


absent 


absent 


apparent 
hyperplasia 


Testis size 


small 


absent or 
atrophied 


absent 


small 


3. The third syndrome (See Table I, Column 3) is that produced by 


bilateral castration (surgical, traumatic, or infectious). The clinical picture 
is that characteristic of agonadism with certain differences depending on 


= 
| 
| 
| 
| 
| 
| 
| 
| 
| 
be 
4 


July, 1947 ABSENCE OF GERMINAL EPITHELIUM 495 


the age at which the castration occurred. The F.S.H. in the urine is ex- 
creted in increased amounts (Smith (21); Albright et al. (1); Catchpole, 
Hamilton, and Hubert (3)); the 17-ketosteroid excretion is usually de- 
creased (Albright et al. (1)). 

The five patients who are the subject of this paper fall into a syndrome 
characterized by the eight following criteria (See Table I, Column 4). 

. bilateral small testes, comparable in size to the testes of prepuberal 
boys, 

. in contrast to the small testes, a phallus normal in size and appear- 
ance, and scrotum, perineal hair, and other secondary sexual charac- 
teristics normal in appearance, 

. the general physical status in every way normal, 

. sterility, with azoospermia, 

. a past history negative for diseases which could have been harmful 
to the germinal epithelium, 

. a testicular biopsy which shows (Figs. 1, 2 and 3) (a) small, seminifer- 
ous tubules, (b) complete absence of germinal epithelium, (c) presence 
of Sertoli cells and normal basement membranes of the tubules, and. 
(d) normally appearing Leydig cells, and 

. a normal F.S.H. titer in the urine and a reduction of 17-ketosteroid 
excretion. 

MATERIAL AND METHODS 


This work is based on a study of five patients, all of whom complained 
of primary sterility. Their ages varied from 22 to 36 years. 
Methods: 

1. Examination of the testes: 

(a) physical examination, 

(b) examination of semen, 

(c) testicular biopsy; the testicular tissue was fixed in Bouin’s 
solution, imbedded in paraffin, and stained with hematoxilin- 
eosin or Masson’s stain. 

2. Hormonal studies: 

(a) assay of F.S.H. in the urine. The method of Zondek was used 
with the modifications introduced by Klinefelter, Albright and 
Griswold (15). The normal value for the adult male is not less 
than 6 and not more than 52 mouse units per 24 hours. 

(b) Measurement of the urinary 17-ketosteroids. The method of 
Callow, Callow, Emmens and Stroud (2) was utilized for hy- 
drolysis, extraction, and isolation; the method of Zimmerman 
was used for colorimetric assay. Normal values for our adult 
male population vary between 12 and 18 milligrams per 24 
hours. 
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RESULTS 


The personal histories did not disclose any infectious diseases, surgical 
procedures, traumata, intoxications, faulty diets, x-ray irradiation, et 
cetera, which could have been harmful to the germinal epithelium. There 
was no history of cryptorchidism or delayed descent of the testes. There 
was nothing to suggest abnormal adrenal cortical function. The libido, 
erections, and ability to have sexual intercourse were, in each instance, 
normal. The routine laboratory tests were entirely normal. 

In each case both testes were normal in respect to shape, position, 
sensibility and orientation, but were decreased in size. They measured 


Fia. 3. Testicular Biopsy. (High Magnification.) 


approximately 3X22 cm. The epididymus, prostate, and seminal vesicles 
and the penis and scrotum were normal in size and shape. 

No spermatozoa were ever found in the semen despite repeated exami- 
nation. The analyses done after centrifugation were also negative, and the 
sediment showed neither normal nor abnormal germinal cells. 

The testicular biopsies showed (Figs. 1, 2 and 3) the seminiferous tubules 
to be markedly decreased in size and devoid of spermatic cells. Even the 
basal spermatogonia were absent. The walls of the tubules showed an ap- 
parent thickening, and the cells of the walls had nuclei elongated and not 
pyknotic. Inside the seminiferous tubules only the cells of Sertoli could be 
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found. The structure of their protoplasm was characterized by a fine reticu- 
lum which made us think that they were still active. The nuclei were 
elongated, oval, or triangular in shape, their structure showing activity 
as judged by the fact that the chromatin, even if slightly diffuse was per- © 
fectly visible and not conglomerate. A rounded nucleolus with white center 
was located asymmetrically inside each nucleus. There was the appearance 
of an hyperplasia of the Leydig cells which was probably due to the reduced 
size of the tubules as a result of the lack of germinal epithelium. The 
protoplasm of the Leydig cells appeared to be active as did the nuclei. 
The lesions were entirely intratubular and, in agreement with Charny 


TABLE II 


RESULTS OF THE F.S.H. AND Assays 
(F.S.H. in Mouse Units) 


F.S.H. | F.S.H. | | FS.H. 
Patient 12 24 48 . 92 


neg. 


5.54 mg. 


9.74 mg. 


| neg. | 8.15 mg. 


and Meranze (4), it can be said that the lesions did not appear to be degen- 
erative or inflammatory; thus, there was no necrosis or desquamation of 
the tubular epithelium and there was absence of peritubular fibrosis. 

The results of assays of the pituitary follicle-stimulating hormone 
(F.S.H.) in the urine are presented in Table II, where the amounts are 
expressed in mouse units per 24 hours. It will be seen that all five patients 
excreted less than 96 mouse units per 24 hours. In two patients the test 
was carried out for 72 mouse units, and in both instances the results were 
negative. Two of the five patients were positive for 48 mouse units per 
24 hours. Only two patients were tested for 6 mouse units per 24 hours, and 
both were positive. In summary it can be said that the —— presented 
normal levels of F.S.H. 

Urinary assays for 17-ketosteroids were carried out on pationte 3, 4, and 
5 (See Table II). The amounts excreted were slightly subnormal. 


F.S.H. 

-K’s. 

No. 1 pos. neg. 

_ No. 2 pos. neg. 

— No. 3 | neg. neg. | neg. | neg. P| 
: No. 4 | pos. | neg. | neg. | neg. P| 

No. § | pos. 
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PATHOGENESIS 

As to the cause of the absence of the germinal epithelium, one of us 
(Trabucco (21)) attributed it to a failure of penetration of the primary 
gonocyte into the embryo during the presomitic or parasomitic period. In 
this connection there are some well known pertinent facts. The testicular 
tissues have two origins. The Sertoli and Leydig cells and the connective 
tissue cells come from the embryonic mesenchyma; these cells give shape, 
consistency and sensory innervation to the testes and constitute the frame- 
work of the seminiferous tubules. The germinal cells have an independent 
origin. We believe that the absence of the germinal epithelium is a result 
of lack of migration of the primary gonocytes into their definitive place 
on the urogenital ridge. Such a condition has been produced experimentally 
in animals. 

On the other hand, as a cause for the absence of germinal epithelium, 
we cannot exclude the possibility that it is telated to some embryological 
or post-natal nutritional failure (avitaminosis E, et cetera), to some en- 
docrine factor, or to some abnormality of the steroid metabolism. It has 
been shown (Masson (18)) that delta 5 pregnenolone, isolated from pig’s 
testes, is able to prevent the atrophy of a rat’s testes which occurs after 
hypophysectomy. Furthermore, under appropriate circumstances, testos- 
terone is able to stimulate the germinal epithelium. Unfortunately, the 
effect of testosterone on human seminiferous tissue has not been sufficiently 
studied. Although the histological picture of the testis (Figs. 1, 2 and 3) 
looks very similar to that which Charny and Meranze calls ‘complete 
atrophy,” we prefer to speak of it as “‘absence of the germinal epithelium.” 


DISCUSSION 


Greep, Van Dyke, and Chow (9) showed that F.S.H. from the hog pi- 
tuitary has a specific action on the seminiferous tubules of male rats. Thus, 
hypophysectomized male animals treated with F.S.H. show an increase in 
testicular weight with an associated atrophy of the sex organs. The testes, 
on histological examination, show stimulation of the seminiferous tubules 
and atrophy of the interstitial cells. It would appear, therefore, that F.S.H. 
is the pituitary gametogenic hormone. Furthermore, it has been shown in 
rats (Engle (7), Evans and Simpson (8)), in mice (Martin (17)), in guinea 
pigs (Severinghaus (19)), and in horses (Hellbaun (11)) that, following 
castration, the gonadotropic content and, in some instances, the secretory 
activity of the pituitary increases. This has been interpreted as being due 
to withdrawal of one or more testicular hormones. It is generally accepted 
that the increased urinary F.S.H. excretion which appears in a male 
castrate reflects the augmented function of the pituitary gland that re- 
sults when gonadal function is absent (Hamburger (10), Smith (20)). 
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It has not yet been established which testicular element is responsible 
for inhibiting F.S.H. In order to throw further light on this question, we 
review the F.S.H. excretions in three testicular syndromes in which a clear- 
cut histological picture for the testicular tissue has been demonstrated. 
In syndromes #1, #2, and #3 (See Table II) the increased amount of F.S.H. 
is associated not only with absence of the germinal epithelium, but also 
with absence, or at least definite lesions, of the Sertoli cells. In the group 
of patients here presented, in which F.S.H. was excreted in normal amounts 
(See Table II), the germinal epithelium was absent but the Sertoli cells 
were present and normal in appearance (See Table I) (See Figs. 1, 2 and 3). 
This strongly suggests that the Sertoli cells inhibit the production and 
excretion of F.S.H. 

It could be argued that the F.S.H. excretion is normal in the syndrome 
under discussion because the Leydig cells are normal; it must be remem- 
bered, however, that in the syndrome described by Klinefelter, Reifenstein 
and Albright (16) the F.S.H. excretion is increased in spite of normal 
quantities of Leydig cells and normal amounts of 17-ketosteroid in the 
urine. We feel justified in assuming that neither the histological studies of 
the Leydig cells nor the amounts of urinary 17-ketosteroids allow one to 
predict how great the amount of urinary F.S.H. will be. On the other hand, 
we should like to emphasize that, in the syndrome here presented, where 
the amount of F.S.H. present in the urine is normal, the Sertoli cells are 
normal while the germinal epithelium is absent. We conclude that there 
is a great probability that the Sertoli cells regulate gonadotropic activity of 
the pituitary glands through a product of their secretions. 

All our patients were adults. This brings up the question as to why the 
Sertoli cells had not disappeared or had not altered in morphology since 
they lacked their normal nutritional or supportive function. Indeed, the 
protoplasm and nuclei of the Sertoli cells looked decidedly active. It seems 
logical to assume that this behavior was the result of some other function 
of these cells and we suggest that they secrete some product useful to the 
body. We are unable to define this substance further, but it may be a 
hormone or substance which, by acting on the pituitary gland, decreases 
gonadotropic activity and maintains functional equilibrium. 

Klinefelter, Reifenstein and Albright (16), as a result of their findings 
in their syndrome, suggest that the seminiferous tubules produce a hor- 
mone which they call ““X”’ hormone; they suggest that this ‘“X’”’ hormone 
is analogous to and probably very similar to estrin. These authors also 
point out that so much more testosterone is required to prevent develop- 
ment of castration cells than to affect seminal vesicles and prostate as to 
suggest that inhibition of formation of castration cells is not a physiological 
function 0: stosterone. In this connection mention should be made of the 
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finding of Huggins and Moulder (13, 14); these authors studied tumors of 
the Sertoli cells in dogs and they found such tumors rich in lipids and estrin; 
in one case they found an amount of estrogen as great as in ovaries con- 
taining large follicles at the height of estrus. Huggins and Moulder con- 
cluded that the Sertoli cells produce estrogen. 

We regret that we have not measured the urinary estrin in our patients. 


SUMMARY AND CONCLUSIONS 


1. Five cases are presented of a new syndrome, the chief clinical features 
of which are small testes and sterility in otherwise normal-appearing 
males. 

2. Testicular biopsies showed complete lack of germinal epithelium, 
normal-appearing Leydig cells, and tubules with normal-appearing walls 
and containing normal-appearing Sertoli cells. 

3. To explain the absence of the germinal epithelium it is hypothesized 
that the primary gonocyte failed to penetrate the embryonic testis. 

4. Assays of urinary follicle-stimulating hormone were normal. 

5. 17-ketosteroid excretions were somewhat low. 

6. It is suggested that the Sertoli cells are the source of a hormone simi- 
lar to estrogen, which regulates the follicle-stimulating hormone production 
by the pituitary. 
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URINARY EXCRETION OF 17-KETOSTEROIDS IN 
VARIOUS CONDITIONS OF OLIGOPHRENIA 
CORRELATED WITH SOME AUTOPSY 
OBSERVATIONS 


CLEMENS E. BENDA anp EMILY MAY BIXBY 


From the Wallace Research Laboratory for the Study of Mental Deficiency, 
Wrentham, Massachusetts 


RINARY 17-ketosteroid excretion as a measure of adrenal cortical 

activity plus male gonadal activity has attracted much attention in 
recent years, and standards for adults (6) and children (13) have been well 
established. As a method of diagnosing abnormal adrenal cortical activity 
in such conditions as hyperadrenocorticism (Cushing’s disease), adrenal 
cortical tumors; hypoadrenocorticism (Addison’s disease); male hyper- 
gonadism (Leydig cell tumors) ; and hypogonadism and panhypopituitarism 
the determination of 17-ketosteroids in the urine has considerable clinical 
importance. Hypogonadism in the male is reflected by low (female) values 
of 17-ketosteroid excretion, as seen in gynecomastia (9), cretinism, and 
mongolism (3, 13). Abnormalities in 17-ketosteroid excretion in certain 
psychoses, indicating a faulty adrenal cortical response to stress, have 
been observed by Hoagland and Pincus (8), and low values in diabetes 
have been reported by Miller and Mason (10). 

The excretion of 17-ketosteroids in various types of mental deficiency 
has not yet been the subject of intensive research. Such a study seems of 
interest for several reasons. Although mental deficiency in its many de- 
grees and variations does not represent a uniform morbid entity, observa- 
tions indicate that it is very frequently associated with a general constitu- 
tional inferiority, malformations and anomalies of development occurring 
in many organs. While female morons are readily susceptible to impreg- 
nation, male morons usually appear sexually rather inactive and lower 
grade defectives are thought by many observers to be sterile. Of the forty- 
eight states of the Union, about thirty-one have some kind of sterilization 
law at present. Several northern European countries such as Denmark, 
Norway and Sweden have also accepted laws of this type. If the excretion 
of 17-ketosteroids in males were a true indication of gonadal activity, 
analyses would be helpful in selecting necessary cases and in determining 
the need or advisability of sterilization. 

The material which is presented in the following pages is enhanced by 
a number of autopsies which were made on certain of the patients not long 
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after their urinary 17-ketosteroids had been determined, or on patients of 
the same pathology, so that comparison between clinical observations and 
pathology has been possible. 


TECHNICAL PROCEDURE 


Collection of Urine Samples: Twenty-four hour urine specimens were 
collected in bottles containing 5 or 10 ml. concentrated hydrochloric acid, 
depending on the volumes expected. They were kept as cold as conveniently 
possible during collection and then stored in the refrigerator for from a 
few hours to several days. 

Hydrolysis and Extraction: Fifty ml. concentrated hydrochloric acid 
was added to exactly 500 or 550 ml. of the 24 hour specimens, which were 
then steam hydrolyzed and extracted with carbon tetrachloride according 
to the convenient method of Consolazio and Talbott (5). 

Direct tests for completeness of the hydrolysis using androsterone ben- 
zoate and acetate were worthless, because these esters apparently were 
readily hydrolyzed by the alkali reagent even without preliminary acid 
hydrolysis. Nevertheless, equimolecular amounts of the benzoate on direct 
treatment with reagents gave an increase in color intensity due to the pres- 
ence of the benzoate radical, whereas the benzoate added to a urine sample 
and subjected first to acid hydrolysis was recovered in amounts corre- 
sponding almost exactly to equimolecular amounts of non-esterified an- 
drosterone, indicating hydrolysis. 

Washings: The carbon tetrachloride extracts were washed with 10 ml. 
saturated sodium bicarbonate, five 10 ml. amounts of 2 N sodium hydrox- 
ide, and three 25 ml. portions of distilled water. 

Drying and Decolorization: To remove water and colored material the 
extracts were treated with 2 grams anhydrous potassium carbonate and 
0.2 gram or less of Norit A for about 30 minutes, filtered through What- 
man No. 43 paper, and washed with four 14 ml. portions carbon tetrachlo- 
ride. It has been shown that under these conditions Norit A does not cause 
a significant loss of androgens from carbon tetrachloride solution as it 
does, for example, from ether solution. 

Evaporation and Solution: With the addition of a few cae of anhy- 
drous potassium carbonate, the dried and decolorized extract was then 
evaporated in a water bath just to dryness, the carbon tetrachloride being 
recovered. Care was taken not to overheat the residue. The residue was 
dissolved in an exact volume (5, 10, or 15 ml.) of pure exactly 95 per cent 
alcohol, and filtered. 

Color Development: Colors were developed by a semi-concentration 
modification of the Zimmermann reaction. Aliquots were measured into 
a 12 or 15 ml. capacity glass-stoppered centrifuge tube or graduate and 
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made up to exactly 2 ml. with 95 per cent alcohol. A blank of 2 ml. 95 per 
cent alcohol was also prepared. All tubes were placed in ice water in a 
beaker. When cold there was added quickly first 1 ml. 2 per cent meta- 
dinitrobenzene in absolute alcohol and then 1 ml. 15 per cent aqueous 
potassium hydroxide. The tubes were stoppered, inverted twice and re- 
moved at once to a water bath maintained at 25° C. and protected from 
daylight for 75 minutes. At the end of this time they were promptly placed 
in ice water again for three minutes after which there was added to each 
tube exactly 3 ml. of exactly 90 per cent pure ethyl alcohol. The tubes were 
inverted and shaken several times and solutions transferred to colorimeter 
tubes subsequently placed in ice water. 

Readings: The colorimeter tube containing the blank was first carefully 
wiped dry and clean and placed in a Leitz photoelectric colorimeter (using 
a green glass filter transmitting at 520 mu.) and the scale pointer set at 
100. Then the sample tubes were similarly inserted and readings noted. 
17-Ketosteroid content as androsterone was evaluated by comparison with 
a curve of readings of known solutions of androsterone.' 

Following are data on duplicate determinations and recovery tests. 

Duplicate Analyses of Urinary 17-ketosteroids as Androsterone 

2.90 mg. vs. 2.88 mg.; 2.21 mg. vs. 2.23 mg. 
4.90 mg. vs. 4.85 mg.; 3.85 mg. vs. 3.85 mg. 


Recovery Tests on 500 or 550 ML. URINE SAMPLES 


Androgens as Added 
androsterone androsterone Added Total Recovered as 
Found androsterone 


in sample benzoate androsterone 
mg. mg. mg. mg. mg. 
4.13 a7 0.50 4.65 0.52 
2.26 0.50 equivalent to 0.37 2.60 0.34 
2.26 2.50 equivalent to 1.84 4.05 1.79 
"1.25 2.50 3.75 2.50 


In Table I are listed control cases of persons with normal intelligence. 
The urinary 17-ketosteroid excretion was found normal in all instances.’ 
The thirty-eight year old male was a psychopathic personality with ab- 


1 The androsterone, androsterone acetate, and androsterone benzoate were kindly 
provided by Dr. Ernst Oppenheimer of the Ciba Pharmaceutical Products, Inc. 
2 Normal values of urinary androgen excretion, as mg. androsterone 
Adult females: 5.1 to 14.2, average 9.0 mg./24 hrs. (6) 
Adult males: 8.1 to 22.6, average 13.8 mg./24 hrs. (6) 
Children under 8 years: less than 1 mg./24 hrs. (13) 
Children 8 to 18 years: from less than 1 up to 9 mg./24 hrs. (13) 
Children 12 to 18 years: 1 to 9 mg./24 hrs. (13) 
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of the breasts, the right breast being rather firm but normal, the left small, 
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normal sex tendencies (transvestitism), and the second case was also a 
psychopathic personality. The third individual listed was an entirely nor- 
mal control. The fourth control was a thirty-four year old woman in the 
fifth and sixth months of a pregnancy, respectively. She had had a mongo- 
loid child two years previously. It is seen that her androgen excretion is 
normal in this pregnancy. The fifth patient, who was a woman of rather 
masculine features, with underdeveloped breasts and small pelvis, also had 
a normal value. The same is true of the last patient, who previously had 
had a hysterectomy and showed some signs of hirsutism. is 


TaBLe I. Twenty-Four Hour Urinary ANDROGENS AS ANDROSTERONE: 
PERSONS WITH NorRMAL INTELLIGENCE 


Vol. mg. per 
No. Sex Yrs. a. ml. 24 hrs. 


Remarks 


1 M 38 normal 1362 17.3 Psychopathic personality. Trans- 
vestitism. 


2 F 23 86 1001 8.3 Psychopathic personality. 

3 F 25 normal 860 14.9 Laboratory worker. 

4 F 34 normal 1600 9.1 Pregnant 5th month. 

1470 9.7 Pregnant 6th month. 

Had mongoloid child at 32 yrs. 

5 F 42 normal 2625 6.7 Business woman. Nervous. Slight 
build. Question of physical under- 
development. 


6 F 45 normal 2935 11.8 Hysterectomy. Slight hirsutism. 


The androgen values for twelve mentally deficient females are presented 
in Table II. Eleven of these were of familial or ‘‘hereditary” type. Nearly 
all of these patients had values well within the normal range (average 
9.0 mg.), indicating normal adrenal cortical activity for this group. One of 
these girls, who was six months pregnant, had a value of 11.5 mg. per 
twenty-four hours, which, like the preceding instance, suggests an un- 
changed level during pregnancy. The two girls with psychopathic trend had 
normal amounts of urinary androgens. Patient No. 10, a rather asthenic, 
very blond girl of Norwegian descent, had a low value of 3.7 mg. The last 
patient, No. 18, with a low value of 2.3 mg. per twenty-four hours was an 
imbecile who became ill and died three months later. 

The autopsy of case No. 18 revealed a white female, five feet five inches 
in height, with black, strong and abundant hair. Pubic hair was also abunr- 
dant and there was hair on the upper lip and on arms and legs. The bony 
features were strong, the chin prominent. There was a striking asymmetry 
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with a large areolar gland set on a ball-like glandular body without the 
usual subcutaneous fat tissue characteristic of the female breast. The right 
adrenal gland weighed 9.8 grams, the left 10.5 grams. Both were well 
developed; the cortex and medulla were distinctly outlined; the fasciculata 
contained a normal amount of lipoids. The ovaries were fairly large but 
undersized for an adult; both together weighed 19 grams; they appeared 


TaBLeE II. Twenty-Four Hour Urinary ANDROGENS AS ANDROSTERONE: 
FAMILIAL-TYPE FEEBLEMINDED FEMALES 


Record Case Age Vol. mg. per 
No. No. Ym wml Remarks 


14 61 
17 46 878 


5831 
5836 


on 


Slightly retarded physical develop- 
ment. 

5850 9 18 59 710 13.4 Good physical development. 

3618 10 19 62 1062 3.7 Asthenic. Very blond. 

4942 11 19 40 1070 10.6 Homosexual tendencies. 

5238 12 20 47 3080 9.0 Homosexual tendencies. Short; small 

face and shoulders; lower trunk 

obesitas, with striae. 


4755 13 21 61 1215 5.4 

5588 14 22 67 845 6.9 Good physical development. Infec- 
tion of tube and ovary. Uterus 
enlarged. 

3959 15 23 57 1800 11.5 Pregnant about 6 months. 

4255 16 23 55 1665 9.6 Treated for T.B. of spine. 

5829 rr 24 60 1075 13.0 Reddish blond. Grandmother mu- 

latto. 

3489 18 26 23 778 2.3 Tall. Masculine. Died three months 
later of bronchopneumonia and 
glomerulonephritis. ‘ 

Average, excluding No. 18, is 9.0 mg./24 hrs. e 


sclerotic and there was only one matured graafian follicle. The thyroid gland 
weighed 27 grams. The ca’ of death was bronchopneumonia and old 
glomerulonephritis. 

In Table III twelve values are listed for eleven male patients with 
“familial type’ of mental deficiency. As may be seen, the results for the 
patients above the age of fifteen (average 14.2 mg.) tend to fall within the 
normal range for adult males, with two exceptions. Case No. 28 had a 
low value of 5.3 mg. per 24 hrs., but a year later it rose to 11.7 mg., which 
is well within the normal range. The value of 26.9 mg. for case No. 24 of 
adult age is a little high, but may correspond to the large size and husky. 
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development of this typical simple low-grade moron. Whether or not there 
is an increased variability in excretion for some of these patients requires 
further investigation. The findings for the younger boys are also within 
normal range for each age. 

Several of the patients showed abnormal sex tendencies or conspicuous 
psychopathic characteristics, but these abnormal personality trends are 
not reflected in the 17-ketosteroid excretion. 


TaBLeE III. Twenty-Four Hour Urinary ANDROGENS AS ANDROSTERONE: 
FaMILIAL-TyPE FEEBLEMINDED MALES 


Record Case Age Vol. mg. per 
No. No. Yrs mi. 24 hrs. Remarks 


5857 19 9 560 , Borderline _ intelligence. Probable 
early nutritional deficiency. 


5875 20 11 1190 


5920 21 12 815 
5384 22 14 1085 : Homosexual tendencies. 


5888 23 15 2280 , Mature appearance. Psychopathic 
personality. Arsonist. Sex pervert. 
5943 24 22 2278 : Large build. 
4695 25 25 3125 2 Psychopathic personality. Effemin- 
ate. Homosexual. 
4355 26 25 1905 ’ Effeminate. Homosexual. 
4237 27 27 2145 ; Effeminate. 
5879 28 28 1220 
29 1730 ; 
1728 29 38 1365 ‘ Small build. Good physical develop- 
ment. Part negro. Homosexual. 
Average, No. 24 through No. 29, is 14.2 mg./24 hrs. 


In Table IV values for nine mongoloid patients are given, supplementing 
23 cases previously reported (3). The female patients of from twelve to 
seventeen years of age had normal female values for this age. Case No. 35, 
twenty-nine years of age, also had a normal androgen excretion. Case No. 
34, a female of twenty-one years had an unusually high value, above the 
normal female range and within the normal range for adult males. In our 
previous publication we reported two observations of this type. It is inter- 
esting, however, to note that the present patient had a value of 1.3 mg. only 
two months previously. 

Of the male patients, one was a baby of four months whose 17-ketos- 
teroid value of 0.4 mg. is a good value for a child of this age. One male 
mongoloid of thirty-four years had a value of 15.1 mg., which is higher 
than any value previously reported for mongoloid males, but is close to 
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the upper level of the female range and is still lower than that of the female 
mongoloid of twenty-one years (case No. 34), who had a value of 18.3 mg. 
The other male value (case No. 37, seventeen years of age) is within the 
female range and in line with the observations reported previously, that 
mongoloid males do not reach sexual maturity and their 17-ketosteroids 
remain on the level produced by adrenal cortical activity (2). 


TaBLeE IV. Twenty-Four Hour Urinary ANDROGENS AS ANDROSTERONE: 
MonGo.oip PATIENTS 


Vol. mg. per 


Record Case I 
Yrs. Q. ml. 24 hrs. 


No. No. 


Remarks 


4635 30 F 12 27 1209 2.2 Ei 
5457 21 F 13 43 565 2.2 Has two mongoloid brothers. ‘s 
17 186 4.4 Died 9 months later of pul- 
monary T.B. 
4141 34 F 21 22 710 18.3 Had low value of 1.3 mg. two 4 
months previously. 
3405 35 29 19 «1550 6.4 
5823 36 M 4/12 60 249 0.4 Died 4 months later of bi- ‘Sy 
lateral pneumonitis. ‘ 
5826 =. 37 M 17 21 2330 9.0 Died 11 months later of ‘ 
miliary T.B. ‘ 
38 M 34 17 2150 15.1 ' 


TaBLeE V. Twenty-Four Hour URINARY ANDROGENS AS ANDROSTERONE: 
HyporTuyroip PATIENTS 


Record Case Age Vol. mg. per 
No. No. mi 24 brs. 


Remarks 


23 23 2505 3.3 Cretinism. Question of post- 
traumatic complications. 
23 40 1180 2.7 Cretinism. 

63 916 4.2 Hypothyroidism. Retarded 
development. Homosexual. 
Cretinism. 


4900 39 


F 
3666 40 F 

4447 41 M 25 
M 


3510 42 40 1135 


Table V presents three cases of cretinism and one of hypothyroidism. 
The very low values of the two female cretins and the low value of the male 
cretin (case No. 42) fall in line with the observations made previously by 
Talbot and co-workers (13). Clinically cretinism is associated with evi- 
dence of hypogonadism, although the external sex organs may appear nor- 
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mal. This was especially striking in the case of the male cretin, who had 
an almost hypertrophic escutcheon. 

The first listed cretin (case No. 39) was a female dwarf, twenty-three 
years of age, with a body length of four feet. The patient did not reveal 
the usual features of cretinism, although there was evidence that the case 
should be classified as such. She was born by high forceps, 21 days overdue. 
The neck was badly twisted and there were multiple birth bruises on skull 
and body. The first month the child slept most of the time and did not cry. 
A few epileptic attacks were observed during the first year. The child had 
been treated with thyroid for some time early in life, but the dosage is 
not known. At the age of 14 years the child had a blood cholesterol of 
400 mg. per cent and a basal metabolic rate of minus 11 per cent by height. 


TasB.e VI. Twenty-Four Hour Urinary ANDROGENS AS ANDROSTERONE: 
Myoronia DystTROPHICA PATIENTS 


Record Case Age Vol. mg. per i 

No. No. mt 24 brs. Remarks 

4570 43 M 31 68 1050 5.4 No. 43 and No. 44 are broth- 
ers. 

3929 44 M 35 73 2165 8.0 

2702 45 M 34 51 775 6.6. No. 45, No. 46 and No. 56 are 
siblings. 

2703 46 M 36 61 690 4.8 

2809 56 F 39 63 1255 2.8 Another sister was similarly 


afflicted. 


After thyroid treatment for 2} months the cholesterol dropped to a level 
of 157 mg. per cent and the metabolic rate rose to plus 9 per cent. One 
month after thyroid was withdrawn, the cholesterol was again up to a level 
of 351 mg. per cent and the metabolic rate down to minus 11 per cent. 
The patient had an unusual amount of hair on head, back and neck, but 
little pubic and axillary hair. She did not menstruate. Knee jerks were 
overactive; ankle jerks active. The skin was rough and showed slight 
ichthyosis. 

The 17-ketosteroid finding for case No. 41, diagnosed as hypothyroid- 
ism, is also low. 

Table VI records 17-ketosteroid determinations on a group of patients 
afflicted with myotonia dystrophica. Myotonia dystrophica is a familial 
muscular dystrophy with tonic reflexes, especially in the thenar group, 
associated with general weakness of other muscles. There is also progressive 
atrophy of certain muscles such as the temporal muscles and the muscles 
of the lower arm and leg. The muscular condition is associated with a wide- 
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spread endocrine disorder, the most striking feature of which is gonadal 
atrophy. Three autopsies made possible a thorough study of the pathology 
of the endocrine system in this disease. Consistent findings were testicular 
atrophy with hyalination of the seminiferous tubules; basophilism in the 
pituitary anterior lobe, increased basophilic infiltration of the posterior 
lobe with atrophy and colloid stasis in the Rathke cleft; colloid goiter; and 
persistent thymus with fatty infiltration. There was considerable general 
obesity. 

The tests on the four male patients showed a definite decrease in 17- 
ketosteroid excretion. The values were all below the normal range, three 
falling within the lower range considered normal for females. The value 
of 4.8 mg. found in case No. 46 is even below the female range. 

The first two male patients listed in this table were brothers who died a 
few months after the tests had been made, and were autopsied. The other 
two male patients and the female patient are siblings. These had a sister 
similarly afflicted who died and was autopsied. 

Case No. 43 showed atrophy of the seminiferous tubules with hyalinosis 
of about 90 per cent of the tissue. There were few islands left where normal 
spermatogenesis was present. The Leydig cells were degenerated around 
the hyalinized tubules, but in those few islands which had normal sperma- 
togenesis a number of Leydig cells were found. Case No. 44, who died six 
months after his brother and seven months after the 17-ketosteroid deter- 
mination, was in relatively better condition at the time of the tests, but at 
the time of autopsy the gonadal atrophy had progressed much further than 
in case No. 43. The whole testicle was atrophied, with practically all tu- 
bules hyalinized and all Leydig cells replaced by connective tissue masses. 
In both patients the adrenals were unusually soft and fell apart in spite 
of most careful handling. The medulla was hyperemic with all vessels 
greatly enlarged; the medullary tissue was partly fibrotic. The adrenal 
cortex showed evidence of irregular degeneration, and lacked the rather 
uniform appearance seen in normal material. Areas of degeneration were 
irregularly dispersed among some of fairly normal appearance, but all 
lacked lipoid deposits. The zona fasciculata and zona glomerulosa were 
more involved than the zona reticularis. As a whole the cortex was narrow. 

Most conspicuous was the pathology of the pituitary in these cases. 
“Crooke’s changes” of the basophils, reduction of eosinophils (which were 
fairly well preserved only in case No. 48), proliferation of the basophils at 
the edge of the posterior lobe, large colloid cysts in the cleft and degenera- 
tion of the posterior lobe were observed in all. In the female patient men- 
tioned in case No. 44 there were small chromophobic tumors in the anterior 
lobe. In all three cases the thyroid formed a huge colloid goiter which 
weighed in case No. 44, 75 grams and in case No. 43, 37 grams, the vesicles 
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being enlarged and filled with stagnant brittle colloid, the epithelial walls 
compressed and atrophic. The thymus showed predominantly fatty infil- 
tration but some non-involuted preserved thymus tissue could be found 
in both patients. With regard to the other organs, it may be mentioned 
that the heart was enlarged and the heart muscle thoroughly degenerated, 
with hyalinization and fatty infiltration. The pancreas of case No. 44 
showed necrosis. All organs showed a tremendous congestion; the periph- 


TaB_eE VII. Twenty-Four Hour Urinary 
MISCELLANEOUS TYPES 


Record Case Age Vol. mg. per 
No. No. Sex Yrs. 1.Q. “ae Remarks 


5939 18 51 1014 Psychosis. Obesity. 

4592 48 24 27 1875 15.3 Lawrence-Moon-Biedl Syn- 
drome. 

1825 49 41 18 1475 : Tuberous sclerosis. Dwarfism. 

5201 50 9 40 2350 ; Congenital cerebral spastic in- 
fantile paralysis. Underde- 
velopment. 

5848 51 13 1075 ; Post-infectional. (Whooping 
cough.) 

5918 14 1355 ; Post-traumatic, natal. 

5928 14 1060 ‘ Question of pituitary disorder 
and post-encephalitis. Sex 
problem. Transvestitism. 

5923 M 15 ; Post-traumatic, natal. 

5563 M 20 é Constitutional inferiority. 
Spinal dysraphism. 


eral vascular system at the time of death was collapsed and face and 
trunk were dark blue in color. 

In Table VII, eight more values are listed for a miscellaneous group of 
feebleminded patients. These determinations were made for various rea- 
sons. Case No. 47, a female of eighteen years eleven months, was thought 
to be hypothyroid and hypopituitary, contributing to a psychosis. The 
patient was extremely obese but under diet the obesity disappeared. The 
17-ketosteroid excretion of 11.1 mg. per twenty-four hours was normal. 
Case No. 48, a very short female of twenty-four years with a Lawrence- 
Moon-Biedl syndrome, showed a rather high value of 15.3 mg. while the 
next patient, a female dwarf with tuberous sclerosis, showed the low value 
of 4.0 mg. per 24 hrs. 

The following five male patients with evidence of brain damage had aver- 
age values. Of considerable interest is patient No. 55 a male imbecile with 
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spina bifida and indications of spinal dysraphism. This condition is heredi- 
tary and if it should turn out in further tests that the low value of 5.6 mg. 
per 24 hrs. is representative and indicates gonadal hypoplasia in male cases, 
the determination of urinary 17-ketosteroid excretion may have consider- 
able diagnostic value. Several autopsies have revealed gonadal hypoplasia 
in male patients with familial oligophrenia and spinal dysraphism. This 
male patient resembled clinically the type of the female patient No. 18, 
who had the extremely low value of 2.4 mg. per 24 hours. 


DISCUSSION 


Determination of urinary 17-ketosteroid excretion in a group of patients 
with various conditions associated with mental retardation seems of con- 
siderable interest. Since urinary 17-ketosteroids are an index though not 
a measure of adrenal cortical activity and male gonadal activity, the de- 
termination of their amount promises some insight into the activity of 
these tissues in these patients. The present study encompasses several 
types of oligophrenic patients, some having conditions associated with 
profound endocrine pathology. 


Non-Glandular Oligophrenic Types. 


The normal values found for female familial morons support the clinical 
observation that, in these cases, adrenal cortical activity is normal and 
gonadal activity is probably normal also. Female familial morons are 
readily susceptible to impregnation and potentially fertile to a high degree. 
Male familial morons also had normal values and seem normal in so far 
as adrenal and gonadal physiology are concerned. Their mental slowness 
and lack of responsiveness makes them potentially less aggressive and 
leads frequently to homosexual rather than heterosexual activities, but 
these alterations are mentally conditioned and are not reflected in physio- 
logical or anatomical pathology (11). Cases of birth trauma with resulting 
spasticity or Little’s disease also show normal 17-ketosteroid excretion. 
Myotonia Dystrophica. 

The study includes reports on myotonia dystrophica for the first time. 
Five patients were studied. All patients showed definitely low 17-ketoster- 
oid excretion. Clinically the males had small, atrophic testicles, were of 
weak musculature and obese, but pubic and axillary hair was normal and 
the sexual characteristics of these patients remained unchanged. The endo- 
crine pathology consisted in pituitary basophilism with Crooke’s changes, 
complete atrophy of seminiferous tubules and atrophy of Leydig cells, thy- 
roid colloid goiter, persistent fatty thymus, and general obesity. Myotonia 
dystrophica, therefore, shares certain patterns with better known endocrine 
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disorders such as Cushing’s disease and gynecomastia. Indeed myotonia 
dystrophica is often associated with gynecomastia clinically. Klinefelter 
and co-workers have reported low 17-ketosteroids and high F.S.H. in 
gynecomastia. Albright recently made determinations of F.S.H. on two 
myotonia dystrophica patients and found high values. Patient H.W., 33 
years old, was positive for 96 and 192 mouse units, and patient F.H. also 
had a high F.S.H.* The high F.S.H. values found by Albright and the low 
17-ketosteroids found in our studies indicate that myotonia dystrophica 
and gynecomastia follow similar endocrine patterns. 

Cushing’s disease is associated with high blood pressure while two of 
our patients with myotonia dystrophica had a very low blood pressure 
and died from peripheral vascular atony. Patients with Cushing’s syn- 
drome have an hypertrophic adrenal cortex according to Albright, who 
postulates an hyperexcretion of the ‘“‘S-hormone’’ as the cause of the syn- 
drome. A study of the adrenals in myotonia dystrophica did not reveal any 
hypertrophic changes in these organs. The adrenals were thin, soft and 
hypoplastic, and if there was any pathology of significance, it was on the 
degenerative and hypoplastic side. None of the cortical layers showed an 
increase in size. The low 17-ketosteroid values are amply explained by the 
testicular atrophy and by adrenal atrophy as demonstrated in the female 
patient, but whether the gonadal degeneration is primary, as is supposed 
in gynecomastia, or secondary to another more profound metabolic dis- 
order as indicated by the widespread pathology, cannot be determined at 
present. 


Cretinism and Hypothyroidism. 

The new determinations on cretins and hypothyroid patients fall in line 
with earlier determinations made by Talbot and others (13). The oppor- 
tunity for performing autopsies on two patients of this type enables us to 
state that the low urinary 17-ketosteroid values in cretinism are the re- 
sult of gonadal and adrenal infantilism which may be due to hypopituitar- 
ism as a result of absent thyroid function or vice versa. Some authors have 
the idea that the pituitary in cretinism shows a compensatory hypertrophy. 
This erroneous conception is based on the observation that the weight of 
the pituitary in cretinism is usually increased from fifty to one hundred 
per cent. Microscopic study of the pituitary reveals, however, that the 
gain in weight is due to colloid accumulation and fluid stagnation (edema), 
while the glandular tissue is compressed and hypoplastic. More details 
are given in another publication (2). 


5 These data were placed at our disposal through the courtesy of Dr. Paul Yakovlev, 
Walter E. Fernald School, Waverley, Massachusetts. 
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Mongolism. 

The study of mongoloid patients shows that such children and females 
of adult age have average to high normal 17-ketosteroid excretion, while 
mongoloid males of adult age tend to have female values. These are, 
however, higher than those seen in cretinism, and the findings for several 
female mongoloid patients were unusually high. We expressed the opinion 
that in mongoloid males the relatively high values are probably due to 
adrenal cortical activity and not to normal male gonads, since these were 
found atrophic in all autopsies. Mongolism seems to be a congenital 
hypopituitarism and the growth disorder represents the opposite of acro- 
megaly (A. Schiiller (12) Clift (4), Benda (2)). Benda has collected evidence 
that the condition is associated with hypothyroidism, hypocorticoadrenal- 
ism and hypogonadism apparently due to absence of the tropic hormones 
of the pituitary,which fail to activate the target glands. Histological ex- 
aminations of the adrenals in thirty-nine cases revealed that while the 
permanent cortex was small and hypoplastic in all cases, a considerable 
number of cases showed a large hyperplastic juxta-medullary zone. As has 
been discussed in another place (2), the hyperplastic juxta-medullary zone 
is apparently not a remnant of the fetal cortex, since all mongoloid patients 
who died in infancy showed complete involution of the fetal cortex and 
did not show remnants of the “central body.”’ On the other hand, since 
it is generally assumed that the “reticularis” is a part of the permanent 
cortex and depends in its development upon the development of the fas- 
ciculata, it is not conceivable that an hypertrophic juxta-medullary zone 
is derived from a degenerated and hypoplastic ‘“‘permanent cortex.”’ One is, 
therefore, forced to postulate an independent ontogenetic and functional 
existence of this ‘‘x-zone,’”’ which is well described as “‘juxta-medullary 
zone.” It may be remembered that this zone has attracted considerable 
interest since discovery of the adreno-genital syndrome. Grollman (7) 
called this tissue the ‘androgenic tissue” and considers it as a remnant of 
the fetal cortex. Persistence or hypertrophy in castrated animals has been 
observed by various authors. On the basis of physiological evidence, Al- 
bright et al. (1) postulate the existence of at least two independent and 
antagonistic adrenal cortical hormones, the S-hormone and the N-hormone, 
in normal adults. This idea seems well supported by histological observa- 
tions which indicate strongly the independent existence and function of 
the permanent cortex and the juxta-medullary zone in the human adrenals 
throughout life. While the “permanent cortex’’ (glomerularis, fasciculata 
and reticularis) is serving certain metabolic functions concerned with fat 
and sugar metabolism and liver glycogen the ‘“‘juxta-medullary”’ zone or 
inner reticularis seems to be geared into the pituitary-adrenal-gonadal 
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activity and changes, therefore, conspicuously in pathological conditions 
of the gonads. 
CONCLUSIONS 


Determinations of urinary 17-ketosteroids in various conditions associ- 
ated with mental deficiency seem to indicate that abnormal brain develop- 
ment as such has little influence upon endocrine factors related to urinary 
17-ketosteroid excretion. Familial cases of mental deficiency as well as 
some cases due to various types of brain injury revealed normal values in 
so far as the twenty-four hour excretion was concerned. Whether differ- 
ences would be found between night and morning excretions similar to 
those claimed for psychotic patients by Pincus has not yet been deter- 
mined. The frequent sexual perversions observed in mentally deficient 
patients seem to be associated with mental factors rather than physiologi- 
cal variations. Deviations from the normal range of 17-ketosteroid excre- 
tion, when found in mental deficiency, indicate, therefore, some direct 
pathology of the glands concerned with 17-ketosteroid excretion, and not 
primarily subnormal brain activity, the endocrine function of which is still 
a matter of argument and speculation. Patients with marked constitu- 
tional inferiority, especially those with spinal dysraphism, seem to have an 
equal constitutional inferiority of their endocrine systems. 

The opportunity of performing several autopsies on cases whose 17- 
ketosteroid excretions had been determined, and tests on patients who 
suffered from certain conditions where enough autopsies of similar pathol- 
ogy were available, throw some light on possible relations between ab- 
normally low 17-ketosteroid excretion and pathology. 

Observations on myotonia dystrophica show that the low excretion of 
17-ketosteroids is consistent in both sexes. The pathology of two male and 
one female patient revealed gonadal atrophy. In the males there was 
marked hyalinization of the seminiferous tubules of the testicles, and 
atrophy of the Leydig cells though to a less extent. The ovary of the female 
patient (30 years of age) showed almost no primordial follicles in the 
process of maturation. There were, however, four larger and several smaller 
cysts side by side in the same ovary, which had failed to involute. The 
pituitary showed in all three cases a conspicuous shift toward basophilism 
with all basophilic cells enlarged, homogeneous and vacuolated, changes 
described by Crooke in Cushing’s disease and known now under his name. 
In contrast to some investigators, the present writers are of the opinion 
that the ““Crooke’s changes” are not a manifestation of hyperactivity, but 
indicate a low stage of activity with inability of the cells to release the 
increased and stagnant hormonal stores. The hypertrophic changes of the 
Leydig cells as seen in gynecomastia are probably likewise a manifestation 
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of inactivity, since the active spermatogenic testicle has very few and in- 
conspicuous Leydig cells. In addition, myotonia dystrophica patients 
develop a resting colloid goiter (weight, 75 grams in one case). The adrenals 
are small. The permanent cortex is narrow and resembles that of a child 
rather than of an adult. The “‘juxta-medullary” zone is also inconspicuous. 

In mongolism, where gonadal atrophy or immaturity is complete, the 
17-ketosteroids remain on a level normally reached before puberty. Some 
adult females have unexpectably high values and some children have high 
values for their age. The permanent cortex of the adrenals in mongolism 
is narrow and infantile, but in a study of 38 cases a surprisingly large 
number showed a conspicuous “‘juxta-medullary” zone. 

In cretinism, where the 17-ketosteroid values are always low, the adrenal 
cortex is narrow and the innermost zone of the reticularis inconspicuous. 
The anatomical observations, therefore, seem to support the idea that the 
adrenal cortex produces two entirely independent hormonal factors. We 
dare say that the 17-ketosteroid production is related to a “juxta-medul- 
lary” zone, the inner reticularis which exists in man throughout life and is 
not merely the oldest cell stage of the permanent cortex. 

Our observations provide evidence that in patients with low 17-ketos- 
teroid excretion, the in:.ermost zone of the reticularis may be expected to 
be found narrow and inconspicuous, while the outer layers may be of 
normal size. In other conditions the outer layers remain narrow or hypo- 
plastic, while the inner layer of the cortex appears large. In these latter 
cases urinary 17-ketosteriods may be normal or increased. Increase in the 
“Juxta-medullary zone” of the adrenals is not necessarily associated with 
gonadal hypertrophy. On the contrary, in cases where the gonads are 
unable to respond on account of immaturity or other physiological factors, 
the adrenals are likely to respond with such enlargement. In general, 
“hypertrophic” glandular changes are frequently not the manifestation of 
secretory hyperactivity, but of an inability to release secretory stores. 


SUMMARY 


(1) Twenty-four hour urinary excretion of 17-ketosteroids was studied in 
several conditions of mental deficiency with and without endocrine 
disorders. 

(2) Urinary 17-ketosteroid excretion was found normal for familial morons 
of both sexes, consistent with normal adrenocortical and gonadal ac- 
tivity. 

(3) Myotonia dystrophica was found to be associated with a marked de- 
crease in urinary 17-ketosteroids, consistent with the pathology. 

(4) Three cretins and an hypothyroid patient had low 17-ketosteroid 
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excretion, in line with previous nepaate in the literature of low andro- 
gens in hypothyroidism. 

Findings for nine mongoloid patients were in agreement with those for 
twenty-three cases reported earlier. Mongoloid children and female 
mongoloids had low average or high 17-ketosteroid excretion. Mon- 
goloid males of adult age have a 17-ketosteroid excretion in the female 
range, consistent with their known sexual immaturity. 

Autopsy findings have been considered in relation to the 17-ketoster- 
oid excretion and the significance of these observations has been dis- 


cussed. 
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ESTRONE CLEARANCE TEST IN INFECTIOUS 
HEPATITIS* 


BERNHARD ZONDEK anp RIWKA BLACK 


From the Hormone Research Laboratory, Hebrew University, and the Gynecologic- 
Obstetric Department, Rothschild-Hudassah-University Hospital, 
Jerusalem, Palestine 


ONDEK (11) showed in 1934 that the living organism inactivates 

estrone rapidly. Of an injected dose of estrone, only 5 per cent can 
be recovered from the body three hours after the injection. Liver in vitro 
inactivates estrone to an extent of 95 per cent, and spleen to an extent of 
20 per cent, whereas the other organs in vitro have no effect on estrone. 
Estrone is also inactivated by poikilothermal animals, by hyacinth root 
(10), potato juice, red beet, bran, and certain bacteria (12,13). Cell-free ex- 
tracts of liver inactivate estrone, but lose this activity on heating to 70° 
(11). It may be concluded, therefore, that the inactivation of estrone is 
enzymatic in nature. The enzyme which is responsible for this inactivation 
has been called ‘“estrinase.”’ Zondek and collaborators (13, 14) proved 
that estrinase from plants (potato juice) belongs to the phenol-oxidase 
group, being distinct from laccase, but related to tyrosinase. 

The above experiments on the site and nature of estrone inactivation 
have been confirmed by many other authors. It has been shown by a wide 
range of methods that the liver is concerned in estrone inactivation and 
that impairment of its function interferes with the normal estrone metabo- 
lism of animals and man. 

In 1938 Golden and Sevringhaus (3) showed that cyclic sexual function 
in the rat is completely suppressed if the ovaries of the animal are trans- 
planted to mesenterial tissue at a site which ensures the passage of all the 
ovarian secretion through the liver. 

In 1939 Talbot (9) pointed out that poisoning of the liver with CCl, 
results in increase of the endogenous estrone level. In 1940 Pincus and 
Martin (7), using the same technique, showed that response to admin- 
istered estrone is heightened by liver damage. In the same year Heller (4) 
reported that rat liver slices are able to effect complete inactivation of 
estrone and estradiol in vitro. Biskind (1), in 1941, showed that pellets of 
estradiol and estradiol benzoate when implanted into the spleen of female 
castrated rats are ineffective unless blood which leaves the spleen is 
diverted into the general circulation. Israel, Meranze and Johnston (1937) 
(5) showed by heart-lung and liver-lung perfusions, and Schiller (8) (1945) 
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showed by perfusions of heart, kidney and liver that the liver is largely 
responsible for estrogen inactivation, but that some inactivation is also 
effected by the kidney. 

In 1940, Glass, Edmondson and Soll (2) reported that cirrhotic human 
liver fails to inactivate estrogens. Urine of advanced cases of liver cirrhosis 
was found to have a high free estrogen content. An etiological connection 
between this finding and testes atrophy and gynecomastia was envisioned. 
Morrione (6), in 1944, confirmed this by his finding that atrophy of the 
testes is the most constant feature of Laénnec’s cirrhosis. 

During the period of 32 months from October 1943 to July 1946, epi- 
demics of infectious hepatitis, whose peaks fell chiefly between the months 
of October and December, occurred in Palestine. During this period 
twenty-nine cases of pregnancy complicated by infectious hepatitis were 
admitted to our department. When associated with pregnancy infectious 
hepatitis showed a very high mortality rate. In 17 per cent of the patients 
the disease ran a fatal course and death set in under hepatic coma. In these 
cases the post mortem examinations disclosed liver atrophy with almost 
complete destruction of the liver tissue. 

Since production of sex hormones in pregnancy is known to be high, 
(Aschheim and Zondek) the fate of the endogenous and parenterally ad- 
ministered estrogens in pregnancy complicated by infectious hepatitis 
(resulting in acute liver damage) is of particular interest. 

Experiments were undertaken with a view to ascertaining a) whether 
pregnant women with infectious hepatitis show an abnormally high level 
of endogenous estrogen in their blood and urine, and b) if the acute liver 
damage affects the rate of the excretion of parenterally administered 
estrone. 

Information on these points was obtained with the help of the estrone 
clearance test described below. 


Technique of estrone clearance test. 

Urine and blood from 25 patients was examined for estrogen according 
to the method of Allen and Doisy. Five animals were used in each deter- 
mination. The test dose was given subcutaneously in six injections dis- 
tributed over a period of 48 hours. Vaginal smears were taken at 12-hour 
intervals between the 24th and 96th hour after the experiment was begun. 
The m.v. was defined as that quantity of urine and blood which produces 
full cornification between the 72nd and 96th hour of the experiment (1 
M.U. is equivalent in our local strain of mice to 2 1.v.). Urines collected 
during an interval of 4-5 days preceding the injection of estrone were 
pooled for the estrogen assay. The results were calculated to a basis of 24 
hours.! At the same time the serum estrogen titer was determined. 


1 At the beginning urines were investigated for estrogen content daily. As the daily 
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After the titers of endogenous estrogen (i.e., the estrogen titer before 
estrone injection) in the urine and serum had been determined, the estrone 
clearance test could be started. The patient was injected intragluteally 
with 25 mg. of estrone in oil, an equivalent of 250,000 1.v..(125,000 m.v. 
in our local strain of mice). Four hours after estrone injection, blood was 
drawn and examined for its estrogenic content. Urine excreted during the 
3-day period following the injection was investigated as to estrogen content 
daily. The estrone clearance was estimated in terms of the excess of the 
estrone excretion during this period over the normal excretion value. The 
result is expressed as a percentage of the injected amount of the hormone. 


Cases investigated. 


The estrone clearance test was performed in: a) cases with no apparent 
liver damage (control group) (Table B, cases No. 14-24), b) cases of in- 
fectious hepatitis in pregnancy showing moderately acute liver damage 
(Table A, cases No. 1-7), c) cases of infectious hepatitis in pregnancy 
showing extremely acute liver damage (Table A, cases No. 8-11), d) cases 
of chronic liver damage (Table A, cases No. 12, 12a, 13). 


Description of cases and findings. 


a) This group of cases, served as the controls. (See Table B, cases No. 14— 
24.) The group includes a case of normal pregnancy, 4 cases of toxemic 
pregnancy, 3 cases of riboflavin deficiency, one case of acromegaly and one 
case of pregnancy complicated by Morbus Gaucher. Liver function tests 
(Cephalin test, Takata-Ara, V. den Bergh, urinalysis for urobilin and 
urobilinogen) failed to disclose any evidence of hepatic damage in any of 
these patients. 

In Table B the endogenous estrone levels and clearance tests of the con- 
trol group are presented. It is evident that administered estrone disap- 
peared very quickly from the organism. Four hours after injection of 
estrone the pre-injection level of the blood was already restored.? Most of 
the excretion of estrone in the urine occurred during the first 24 hours. 
Some estrone was also excreted in a few cases on the second day, but always 
in smaller amount. The total urinary recovery of the injected estrone 
ranged between 0.5-4.5 per cent. These results suggest that failure to 


excretion of endogenous estrone was found constant, a simplification was introduced 
in the later work. Urine excreted during 4—5 successive days was pooled and the estrogen 
content was determined in the total sample. 

2 The normal endogenous estrogen values in blood during pregnancy are as follows: 
50-100 mu/t in the Ist and 2nd month, 100-800 mu/t in the 3rd to 7th month and 800- 
1500 mu/t in the 7th to 10th month. The normal estrogen values in urine during preg- 
nancy are as follows: 300-600 mu/t in the Ist to 2nd month, 5000-7000 mu/t in the 
3rd to 7th month and 6000—20,000 mu/t in the 7th to 10th month. 
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restore the normal endogenous estrogen blood level within a period of 
four hours after hormone injection, with urinary recoveries in excess of 
4.5 per cent, reflect an impaired estrone inactivation mechanism. 

b) In this group are included seven cases of pregnancy complicated by 
infectious hepatitis with a clinical course similar to that observed in the 
absence of pregnancy. The infectious hepatitis appeared in various 
months of pregnancy or after delivery. Although the icterus index was 
greatly elevated in the majority of cases, the general condition remained 
satisfactory; fetor hepaticus, tachycardia, and reduced liver were not 
found. Nevertheless, liver function tests indicated the presence of serious 
liver damage. The ratio of cholesterol ester to free cholesterol in the blood 
and the sugar metabolism were abnormal. The mechanism of urea, on the 
other hand, was undamaged (normal blood urea levels). The mechanism 
of estrone inactivation was intact, in all these cases. The blood level of 
endogenous estrogen and the urinary excretion of endogenous estrone re- 
mained normal. In the estrone clearance test the pre-injection estrone 
titers were found restored in the blood 4 hours after the injection. The 
total recovery of estrone in the urine never exceeded 4 per cent, the normal 
value of the control group. The clinical course was only slightly more 
severe than is generally the rule in icterus infectiosus not complicated by 
pregnancy. All the patients, except one, recovered. The single fatality 
(case No. 5) was due to uterine rupture during delivery. No evidence of 
atrophy of the liver was found ir this case at autopsy. 

c) This group included four cases (Table A, cases No. 8-11) of infectious 
hepatitis complicated by pregnancy with signs of acute liver damage. The 
clinical course reflected pronounced functional deficiency on the part of the 
liver; the prognosis was extremely serious. The severity of these cases is 
shown both by the grave clinical development and by the liver function 
tests. The patients were admitted with infectious hepatitis (icteric phase) 
in different months of pregnancy (see Table A). The clinical symptoms 
were similar in all these cases: intense icterus, nausea, frequent vomiting, 
apathy, prostration, subcomatous condition, tachycardia’ of 110-120 per 
minute, no fever, and no pruritus. At the time of admission the liver was 
found reduced in size in every case. Patients presented also fetor hepaticus, 
a sign of severe liver damage. The clinical signs of acute failure of liver 
function were further confirmed by laboratory findings, among which 
particular importance relates to the value of blood urea level. Ability to 
synthesize urea persists even after hepatic tissue destruction is far ad- 
vanced. The progressive fall of urea blood level observed in the cases (Nos. 
8-11 of group c) must be interpreted, therefore, as an indication of a con- 
dition of very extensive hepatic damage. 


3 An especially ominous symptom in our cases of infectious hepatitis. 
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Tas.e B. EnpoGENous EstroGEN ESTIMATIONS AND ESTRONE CLEARANCE TESTS 
IN ConTROL CASES 


Estrogen values ip urine and serum 


Total 
Ne Description Endogenous velues Values after injection of 25 mg. estrore recovery 
, of patient of estrone 
24 br. 4 hr. Ist day 2nd day 8rd day in urine 
urine Serum Serum urine urine urine 
14. | Pregnancy 5000 mu 500 mu/xt | 10000 mu 5000 mu 5000 mu ca. 4% 
M. VIII 
15. | Toxemia in 6000 mu 1500 mu/t | 1500 mu/t | 12000 mu 6000 mu 6000 mu ca, 4.5% 
pregnancy 
M. VIII 
16. | Toxemia in <1000mu =| <500 | <500mu/_t | 2000mv_ | <2000 mu ca. 2% 
pregnancy 
M. VIII 
17. | Toxemia in 4000 mu =| <500mu/_ |<500mu/_ | 8500 mu 4500 mu 4500 mu ca. 4% 
pregnancy 
M. IX 
18. | Toxemia in 7500 Mu 1000 mu/t | 1000 mu/L | 12000 mu 9000 mu 7000 mu ca. 4.5% 
pregnancy 
M. VIII 
19. | Metrorrhagia <200mu | | <500mu/t | 2000 mu 1000 mu 450mu | ca.3% 
Galactorrhea 
Hyperplastic 
Mucosa uteri 
20. | Acromegaly <333 Mu 1000 mu 1000 mu 500 mu ca. 2% 
21. | VitaminA &B | <200mu | <200mu/zL | <200mu/L | <300muU <500 mu <500 mu <1% 
deficiency 
22. | Riboflavin <120mu_ | <250mu/_ | <250 Mu/L 420 mu 250 mu ca. 0.5% 
deficiency 
23. | Riboflavin <200mu_ | <500 | <333 MU/L 660 mu <500 mu ca. 0.5% 
deficiency > 
24. | MorbvsGaucher| 1300 mu 500 mu7_ | 500 mu/L 1800 mu 1600 mu | <1400 mu ca. 0.5% 
in grav. 
M. VIII 


Case No. 8. Mrs. M.M., 35 years old, was admitted for infectious hepatitis in the 
3rd month of pregnancy. The clinical examination at admission pointed to the presence 
of infectious jaundice in a particularly severe form: pronounced apathy, excessive vomit- 
ing, tachycardia, and distinctly reduced liver (as demonstrated by percussion of the 
liver area). The laboratory findings revealed serious liver damage: cephalin test + +, 
Takata-Ara ++, Muelengracht 300, V. den Bergh direct + + +. The general condition 
of the patient deteriorated rapidly, the liver diminished progressively in size and fetor 
hepaticus set in. The laboratory tests revealed rapid drop of the blood urea level from 
21 to 7.5 mg. per cent, a hypoglycemia of 70 mg. per cent which was not influenced by 
massive sugar therapy, and a depression of the total cholesterol level to 111 mg. per 
cent,‘ and of cholesterol ester fraction to 53 mg. per cent, free cholesterol 58 mg. per 


4In normal pregnancy we found the following plasma cholesterol values: Total 
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cent, free/ester ratio amounting to ca. 1. In spite of these findings, reflecting very pro- 
nounced liver damage, the endogenous estrone levels of the blood and urine remained 
normal (see Table A). The estrone clearance test rated 6 per cent at this stage. Since 
the normal recovery rate in healthy individuals is 0.5 per cent-4.5 per cent, this is con- 
sistent with moderate deficiency in the estrone inactivation mechanism. During the two 
following days the patient was in a comatous condition, and her general symptoms 
(hepatic fetor, tachycardia and vomiting) were much aggravated. Generous intravenous 
administration of sugar, blood and plasma seemed, however, to have good effect. The 
condition of the patient began to improve on the eighth day; the normal area of liver 
dullness became again discernible. The patient recovered after an illness of severe clinical 
course lasting 4 weeks. 

Case No. 9. Mrs. N.S., 20 years old, was admitted in the seventh month of her second 
pregnancy. Patient’s history did not reveal serious previous disease. A week before ad- 
mission loss of appetite, frequent vomiting and pains in the upper right of the abdomen 
were first experienced. 

Patient appeared undernourished and apathetic. On percussion the dullness of the 
hepatic area was distinctly diminished and the spleen was felt soft and enlarged. The 
scleras and skin were deeply icteric. V. den Bergh ++, bilirubin in urine ++, blood 
urea 21 mg. per cent, cephalin test +, Takata-Ara +, total blood protein 5 per cent. 
During the next few days, the general condition became distinctly aggravated with pro- 
nounced apathy, extreme asthenia, and fetor hepaticus. Six days after admission coma 
set in and the hepatic dullness area disappeared completely. The laboratory findings 
showed extreme liver damage demonstrated by a rapid fall of the blood urea to 4.8 
mg. per cent. Cholesterol total 158 mg. per cent, cholesterol ester 47 mg. per cent, free 
cholesterol 111 mg. per cent; free/ester ratio =2.3, blood sugar 76 mg. per cent. In spite 
of these findings, the urinary endogenous estrogen level remained normal. 

The estrone clearance test revealed pronounced inability on the part of the liver to 
inactivate estrone. The recovery rate was 16 per cent—an extremely high value. Gen- 
erous sugar, blood and plasma therapy proved successful, and the patient eventually 


recovered. 


Case No. 10. Mrs. S.G., 35 years old, was admitted in the ninth month of her fifth preg- 
nancy. For two weeks before her admission the patient complained of abundant vomit- 
ing and virtual inability to retain food. This had contributed to a state of distinct under- 
nourishment. The patient felt sick and drowsy and complained of pains in the right 
upper abdomen. Jaundice had developed shortly before admission. Delivery pains 
appeared at the same time. A rapid and uneventful delivery uncomplicated by bleeding 
was achieved but was soon followed by signs of very serious liver damage (coma, fetor 
hepaticus, tachycardia and progressive and rapid reduction of the size of the liver). 
Urea 6 mg. per cent, total cholesterol 247 mg. per cent, cholesterol ester 105 mg. per cent, 
free cholesterol 142 mg. per cent, free/ester ratio = 1.35, glucose 72 mg. per cent, cepha- 
lin test +++++, Takata-Ara ++, Meulengracht 300. The estrone clearance test 
revealed a definitely deficient estrone inactivation, the recovery rate in urine being 12.5 
per cent. Four hours after the estrone injection, the blood estrone level was still high 
(8000 mu/L in comparison to a normal maximal estrone level 1-2 days postpartum of 
1000 mu/t). Therapy with large amounts of blood proteins and sugar, supported by 
methionine and vitamins, failed. At autopsy typical signs of acute atrophy of the liver 
were found. 


cholesterol 205 mg. per cent, cholesterol free 65 mg. per cent, cholesterol ester 140 mg. 
per cent free/ester ratio 0.45. 
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Case No. 11. Mrs. S.Z., 27 years old was admitted in the middle of theseventh 
month of pregnancy. Nine days prior to admission, chilly sensations and fever had been 
experienced. On the third day of these complaints, the patient suffered from pains in 
the hepatic area, loss of appetite and frequent vomiting. The urine became darker. At 
admission marked jaundice of scleras and the skin was evident. The patient was very 
sick, appeared to be undernourished, and presented a distinctly reduced liver. 

The blood urea level was 14 mg. per cent, cephalin and Takata-Ara tests strongly 
positive, icterus index 100, and v. den Bergh direct + ++. Profound apathy, extreme 
weakness and frequent vomiting. Fetor hepaticus and a subcomatous condition set ia. 
The urea blood level dropped progressively reaching 5.1 mg. per cent on the fifth day 
after admission. Cholesterol total 162 mg. per cent, cholesterol ester 70 mg. per cent, 
cholesterol free 92 mg. per cent, free/ester ratio 1.3, glucose 70 mg. per cent, despite 
massive intravenous sugar therapy. Following injection of 125,000 m.vu. of estrone a 
high estrone level was stiil found in the blood after 4 hours, (4500 M.u. as compared 
to 1000 mu/t prior to the injection). The patient delivered on the next day prematurely 
and succumbed shortly afterwards in hepatic coma. The autopsy showed typical signs 
of acute hepatic atrophy with reduced liver weighing 850 Gm. and widespread degenera- 
tion of liver parenchyma. 


d) This group includes two cases in which the liver damage appeared 
after a prolonged period of hepatic disease. In case No. 13 (Table A) the 
liver damage was due to a liver cirrhosis of 7 years’ standing due to chronic 
alcoholic intoxication of the Laénnec type, characterized clinically by a 
poor general condition, emaciation and enlarged liver and spleen. 

In the case 12, 12a cirrhosis of the liver was of unknown etiology and 
manifested clinically in chronic hepato-splenomegaly of several years 
duration, recurrent epistaxis, subicteric tinge of the scleras, anorexia and 
cachexia. The general symptoms aggravated progressively; one month 
after the admission hepatic coma developed and death followed. Both 
patients of the group-presented deficiency of the estrone inactivation 
mechanism. The endogenous estrone level of the urine was normal (less 
than 200 mu/L), but the estrone clearance after injection of 125,000 m.v. 
was distinctly elevated; in case No. 13, 6 per cent of the injected estrone 
was excreted, and in the more severe case (case No. 12) 9-13.5 per cent 
was excreted. In the last case the estrone inactivation test was performed 
‘twice, the first time immediately after the admission and again just before 
the patient died a month later. The findings in estrone clearance reflected 
the deterioration of the general condition, the recovery value rising from 
9 per cent in the first test to 13.5 per cent in the second clearance test: 


DISCUSSION 


Since the liver is the principal site of estrogen inactivation it was ex- 
pected that in our cases of acute and chronic liver damage abnormally 
high blood and urine levels of endogenous estrogen as well as deficiency in 
ability to inactivate administered estrogen would be presented. Investiga- 
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tion of this problem seemed to us of particular interest since in the past 
experiments on this subject were mostly performed on animals. 

Our cases of infective hepatitis in pregnancy were divided into two main 
groups. Patients in whom a severe illness was associated with failure of the 
liver to synthesize urea as well as failure of other liver functions were 
included in group c). On the other hand, patients with functional derange- 
ment of the liver (positive cephalin and Takata-Ara tests, drop of total 
cholesterol and cholesterol ester blood values, hypoglycemia, etc.) but 
without abnormality in urea synthesis, with generally a less serious clinical 
course, were classified as group b). Normal levels of endogenous estrogens 
in the blood and urine were observed not only in moderately severe cases 
but also in the cases which developed hepatic coma and terminated in 
death. The fact that endogenous normal levels were shown also by patients 
suffering from very serious liver damage, even after hepatic coma inter- 
vened, suggests that acutely diseased liver in an advanced stage of atrophy 
is still able to inactivate the large amounts of endogenous estrogens pro- 
duced by the body during pregnancy, or, alternatively, that some other or- 
gan (spleen?) takes over this function. The inactivation of the parenterally 
administered estrone, in contrast to that of endogenous estrone, depended 
largely upon the extent of liver damage. In the moderately severe cases 
of infectious hepatitis the liver of the patients effectively inactivated 
125,000 m.v. of injected estrone, within an interval of four hours. The 
urinary estrone recovery after injection was quite normal, i.e., never 
greater than 4.5 per cent. It may be concluded, therefore, that a mod- 
erately severe liver damage involving both failure of cholesterol esterifica- 
tion and impairment of the metaboiism of glycogen and protein (hypo- 
glycemia, hypoproteinemia, cephalin and Takata-Ara tests positive) does 
not necessarily entail any significant failure in the estrone inactivation 
mechanism. 

On the other hand, patients who suffered from serious failure of liver 
function, characterized by failure of urea synthesis, a function which is 
generally the last to be extinguished when liver fails, presented a de- 
ficiency in estrone inactivation demonstrated both in a high urinary estrone 
recovery (estrone clearance of more than 4.5 per cent) and persistence of a 
high blood estrogen level four hours after hormone injection. Urea synthesis 
is thus the only important liver function which varies in a manner com- 
parable to estrone inactivation function during infectious hepatitis com- 
plicated by pregnancy. 

In one case of acute liver atrophy (case No. 8) with very low blood urea 
level (7.5 per cent) and a very serious clinical course, the estrone clearance 
rate was only slightly higher than the normal. Despite the grave prognosis, 
this patient recovered after a prolonged and very severe illness. This find- 
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ing raises the hope that the estrone clearance test may be of more signifi- 


cant prognostic value in acute liver disease than is the loss of urea produc- 
tion. 

The ability of liver in hepatic chronic diseases to inactivate estrone was 
tested in 2 cases of cirrhosis of very long duration. Both these patients 
showed deficiency in the mechanism of estrone inactivation. The level of 
endogenous estrone in the urine was in these cases, as in che acute liver 
diseases cases, entirely normal (less than 200 mu/L). However, the estrone 
clearance test revealed in both cases inability on the part of the liver to 
inactivate injected estrone at a normal rate: the recovery of injected 
estrone in the urine was 6 per cent in case No. 13 and 9-13.5 per cent in the 
more severe case (case No. 12, 12a) which had a fatal outcome. In this last 
case, moreover, the estrone clearance test was performed twice (once before 
and again after the onset of hepatic coma). Increased excretion of estrone 
was found to accompany the aggravation of the clinical condition of the 
patient. This result suggests the possibility that in chronic liver diseases, 
repeated estrone clearance tests may prove useful as an indicator of the 
severity of the clinical course and thus help to establish the prognosis. 

It may be concluded from the findings that estrone clearance measure- 
ment is a valuable adjuvant test of the degree of liver damage. Inability to 
inactivate estrone in a patient with liver disease precludes an ominous 
outcome. 

SUMMARY 


1) We have investigated the capacity of 24 patients with liver damage 
to inactivate estrogenic hormone. These patients included 13 in whom the 
liver damage was caused by infectious hepatitis occurring during pregnancy 
and several in whom the damage was caused by cirrhosis. 

2) Extensive damage of the liver by acute (infectious hepatitis in preg- 
nancy) or chronic (cirrhosis) liver diseases was not associated with an in- 
creased endogenous estrone level in the blood and urine. 

3) Injected estrone disappeared normally from the organism very 
rapidly. Four hours after estrone injection, the pre-injection estrone level 
of the blood was already restored. In urine the main excretion of estrone 
occurred in the first 24 hours. 

4) The amount of estrogens excreted in the urine by normal individuals 
ranged from 0.5 per cent to 4.5 per cent of the injected hormone amount. 

5) Estrone clearance in patients with infectious hepatitis complicated 
by pregnancy is increased only in very advanced stages of the disease 
(comatous or pre-comatous condition) characterized by loss of ability to 
synthesize urea. The ability to inactivate estrone is among the last liver 
functions to be extinguished in progressive acute damage of the liver. 
Ability to inactivate estrone even outlasted the function of urea production. 
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6) The estrone clearance rate is abnormally high in both moderate and 
severe cases of cirrhosis of the liver. In a very severe case the clearance 
rate increased parallel with the aggravation of the clinical condition of the 
patient. 

7) It is probable that the estrone clearance test can be a useful aid in 
the establishment of the prognosis of patients who suffer from acute or 
chronic liver disease. Persistence of elevated estrogen levels in the blood 
and urine after an injection of the hormone is an ominous sign in acute and 
chronic liver diseases. 
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ANNOUNCEMENT OF THE 1948 
MEETING OF THE ASSOCIA- 
TION FOR THE STUDY OF 

INTERNAL SECRETIONS 


The Thirtieth Annual Meeting of the Association for the Study of In- 
ternal Secretions will be held in the Palmer House, Chicago, Illinois, June 
18 and 19, 1948. 

The scientific sessions will be held in the Red Lacquer Room and regis- 
tration will be on the fourth floor just outside the Red Lacquer Room. The 
Annual Dinner will be held in the same room on Friday, June 18th at 7 
p. M. and will be preceded by a cocktail party, the location of which will 
be announced later. The Council will meet at 2 p. m. Thursday, June 17th. 

All members of the Association who plan to attend the Thirtieth Meet- 
ing are urged to make their reservations at once with the Palmer House, 
stating the time of arrival and how long they plan to remain in Chicago. 
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Meirss, J., AnD C. W. Turner. Effect of thiouracil and estrogen on lacto- 
genic hormone and weight of pituitaries of rats. Proc. Soc. Exper. Biol. and 
Med. 64 (4): 488-492 (1947). 


The administration of 0.1% thiouracil in the feed for 24 days to young female rats 
reduced the lactogenic hormone content of the pituitary below that in normal rats. 
The ability of estrogen to increase the lactogen content of the pituitary was unimpaired 
when 100 International Units of estrone were administered daily with thiouracil for 21 
days. When the rats received thiouracil for a two week period and were then given es- 
trogen plus thiouracil for 10 days, the lactogenic hormone level was less than normal. 
Thirty-nine rats were used in this experiment. In a second experiment with 21 castrate 
male rats, the lactogen content of the pituitaries of rats treated with thiouracil plus 
stilbestrol increased as much as in those which received stilbestrol alone. Stilbestrol was 
injected at the rate of 10 micrograms daily for 21 days. The pituitary and thyroid 
weights of the thiouracil as well as the thiouracil plus estrogen treated rats were greater 
than the controls.—F.N.A. 


NeEtson, E. W., anv J. P. Micuarts. Acute postpartum necrosis of the 
anterior hypophysis. Am. J. Obst. and Gynec. 52 (5): 817-825 (1946). 


A 32 year old primigravida who had generalized convulsions and the typical picture 
of eclampsia was admitted to the hospital. The eclampsia was controlled and only two 
eonvulsions occurred. Onset of labor was spontaneous and delivery was uneventful. 
Blood loss was estimated at 400 cubic centimeters. However, the patient went into shock 
and remained at a severe shock level for one and one-half hours and mild shock level 
for nine hours despite intensive therapy. On the sixth hospital day, the picture of acute 
pituitary failure was present. The patient was controlled moderately well with 15 milli- 
grams of desoxycorticosterone acetate daily, infusions and frequent use of hypertonic 
glucose. Thrombophlebitis, secondary to glucose administration, occurred on the 15th 
postpartum day and despite ligation, lumbar sympathetic block and general supporta- 
tive measures, a staphylococcus albus septicemia occurred. Death occurred one month 
after delivery. Autopsy showed that 85 per cent of the anterior lobe of the hypophysis 
was replaced by a depressed yellow area. Microscopically, almost the entire anterior 
lobe stained pink without any cellular details. Only a few pyknotic remnants of nuclei 
were noted. Adjacent to the pars intermedia, a few acini were noted. The blood vessels 
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showed thrombosis and occlusion. The posterior lobe was normal. The adrenals were 
grossly normal but microscopically the cells of the reticular and fascicular layers were 
highly vacuolated and the medullary cells stained darker than usual.—C.D.D. 


Rew, D. E. Treatment of prolonged labor with posterior pituitary extract. 
Am. J. Obst. and Gynec. 52 (5): 719-734 (1946). 


Posterior pituitary extract was administered to 1,609 patients who exhibited varying 
degrees of uterine inertia. The initial dose was usually one minim. An average total dose 
of 1 to 4 minims was given in the course of a single labor. The total dose never exceeded 
15 minims. No deleterious effects were noted from the judicious use of the drug. There 
were no ruptured uteri. The author presents a good résumé of the arguments for this type 
of therapy.—C.D.D. 


Speck, G. Pregnancy in cases of pituitary dwarfism. Am. J. Obst. and 
Gynec. 51 (2): 217-220 (1946). 


The author reports pregnancy in a 41 year old primigravid white single woman who 
was 42 inches tall. The patient was apparently classified as a pituitary dwarf on no par- 
ticular objective basis of existing or previously existing hypopituitarism. The patient 
was delivered by Cesarean section. The infant lived 3 hours. An autopsy showed mul- 
tiple congenital abnormalities, including meningocele, congenital cystic liver and poly- 
cystic kidneys.—C.D.D. 


THYROID 


Ersuorr, B. H. Effects of liver feeding on growth and ovarian develop- 
ment in the hyperthyroid rat. Proc. Soc. Exper. Biol. and Med. 64 (4): 
500-503 (1947). 


A total of 78 female rats averaging approximately 43 Gm. in weight were fed three 
different rations alone and supplemented with 0.5% U. 8. P. desiccated thyroid for 60 
days. The administration of liver completely counteracted the retardation of growth and 
inhibition of ovarian development observed in immature rats fed toxic amounts of thy- 
roid. Wheat germ, yeast, or increased amounts of salt mixture, casein, thiamine, ribo- 
flavin, pyridoxine, calcium pantothenate, nicotinic acid, inositol, p-aminobenzoic acid, 
biotin or folic acid were ineffective in this regard. It is suggested that liver contains some 
factor other than the above required for normal growth and ovarian development in the 
immature thyroid-fed rat.—F.N.A. 


Sorrer, L. J., M. Voutrerra, J. L. GABRILOVE, A. PoLLACK, AND MILDRED 
Jacoss. Effect of iodine and adrenalin on thyrotropin in Graves’ disease 
and in normal and thyroidectomized dogs. Proc. Soc. Exper. Biol. and 
Med. 64 (4): 446-447 (1947). 


The circulating thyrotropic hormone content of the blood serum of 13 patients with 
Graves’ disease was studied by biological assay in the guinea pig. In all of these patients 
there was less circulating thyrotropic factor than is found in normal humans. Following 
lugolization the serum thyrotropin increased, reached a peak between the 4th and 6th 
days and then began to diminish. In 6 normal humans Lugol’s solution produced but a 
barely perceptible increase in circulating thyrotropin. Subtotal thyroidectomy of pa- 
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tients with Graves’ disease was followed by a further slight increase in blood thyro- 
tropin. The injection of 1 cc. of adrenalin-in-oil twice daily in intact dogs produced 
marked hyperplasia of the thyroid by the 4th day of injection as shown by removal of 
one lobe of the gland. The further administration of adrenalin resulted in considerable 
decrease in the hyperplasia of the remaining lobe which was removed 10 days later. In 
totally thyroidectomized dogs adrenalin increased the circulating thyrotropic factor. A 
' peak was reached in 4 to 6 days and diminished thereafter —F.N.A. 

(The concentration of adrenalin was not given.) 


ADRENALS 


Dax, E. C., E. J. R. Smrrw anp F. Rerrman. Adrenalectomy in mental 
disorder. Brit. M. J. 1: 215 (1947). 


A case of adrenal virilism and one of adrenal pseudohermaphroditism, both with 
mental changes, were treated by unilateral adrenalectomy. The operation produced a 
drop in urinary steroids and the other biochemical changes which would be expected. In 
the case of adrenal virilism it also produced some physical change, but the mental picture 
was not materially improved in either patient. An unexplained persistent rise in the 
blood sedimentation rate followed operation in both cases.—L.T.S. 


Gutmann, D. Medullary suprarenal chromaffinoma producing malignant 
hypertension. Brit. M. J. 1: 563 (1947). 


A case of chromaffinoma of the right adrenal medulla diagnosed during life is reported 
in a woman aged 38. Before operation could be performed the patient died from second- 
ary malignant hypertension and uremia. The history of the case and the results of vari- 
ous examinations during and after the attacks are described. The tumor was not malig- 
nant.—L.T.S. 


Jaupon, J. C. Hypofunction of the adrenals in early life. J. Pediat. 29: 
696 (1946). 


The author proposes that in many infants during their early weeks of life, there may 
be physiologic hypofunction of the adrenal glands. He believes that anorexia, failure to 
gain weight, unexplained tendency to dehydration, attacks of hypoglycemia and pro- 
tracted diarrhea may very well be manifestations of low adreno-cortical function, par- 
ticularly if they do not respond to treatment. These patients may be greatly benefited 
by hormone therapy. Detailed histories are presented in 9 cases which the author con- 
siders to have had low adrenal function. All of these patients were critically ill, and 
nearly all showed a dramatic improvement following the initiation of hormone therapy. 
Of the 8 patients receiving therapy, 7 lived; the 8th died from aspiration of milk. Of 
particular interest are the histories of identical premature twins each of whom developed 
convulsions followed by failure to gain weight, anorexia, loose stools and dehydration. 
The one, who was given no desoxycorticosterone acetate, died; the other, who received 
hormone therapy, recovered and has remained well! Most of the patients were observed 
for 3-10 weeks in the hospital without demonstrable improvement in their condition 
before hormone therapy was begun. The characteristics common to every infant de- 
scribed included general debility and weakness, appearance of impending shock and a 
marked tendency to dehydration in spite of adequate parenteral fluid therapy. In addi- 
tion, 5 of the 9 patients had superimposed attacks of hypoglycemia which were imme- 
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diately relieved by elevation of the blood sugar. Two of the patients had no evidence of 
infection or gastro-intestinal disturbances; four patients had anorexia and loose stools 
from early days of life without evidence of infection; one patient had a transitory urinary 
infection without gastro-intestinal disturbances other than anorexia. Two patients with 
diarrhea developed staphylococcus septicemia readily responding to penicillin; the loose 
stools continued and the down-hill course persisted until hormone therapy was started. 
No harmful effects from the hormone injections were encountered. The other concludes - 
that adreno-cortical hormone therapy may be a necessary adjunct in the maintenance of 
proper water and electrolyte balance, preservation of normal intestinal function, and the 
adjustment of a deranged carbohydrate metabolism in selected patients during early 
infancy. Hypoglycemia during early infancy is not a rare occurrence, and it is not un- 
commonly associated with symptoms of shock. The reappearance of severe hypoglycemia 
during early infancy appears to be prevented by the administration of pork adrenal- 
cortical extract. The author points out that during most of intra-uterine life, the true 
adrenal cortex remains a thin rim while the X- or fetal zone comprises the largest part of 
the gland and grows rapidly. During this stage of development, it is probable that the 
fetus does not rely entirely on the secretion of hormones from its own adrenal tissue 
for its rapid growth and development. Immediately following birth, the androgenic 
tissues involute and there is most likely an increased need for secretion of hormones in 
the true cortex; this in turn leads to enlargement of the true cortex during the first four 
weeks of life. During this adjustment period there may be a physiologically low level of 
activity of the true adrenal cortex. The author believes that this concept would explain 
the number of deaths in premature and full-term infants during the first few weeks of life 
which are preceded by unexplained vulnerability not responding to treatment.—E.C.R., 
Jr. 


Spatpina, J. M. K. A case of phaeochromocytoma. Brit. M. J. 1: 442 
(1947). 


A case of phaeochromocytoma is described in a twenty-four year old woman showing 
the typical paroxysmal hypertension and associated sympto:ns. Operation was followed 
by a marked drop in blood pressure and shock, but adrenal extracts and salt solution 
given in large amounts carried her through this period. The convalescence was unevent- 
ful and fifteen months after the operation the patient was asymptomatic.—L.T7.S. 
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